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Abstract: 
The growth and accumulation of macroalgae in estuaries are a common sight throughout the 
world (Boyer and Fong, 2005). Because macroalgae establish such complex but important 
links with other components within an estuary, it is essential to know which variables control 
and regulate their occurrences. The type of algae that will occur in an estuary depends 
however, on the physical and chemical features of the particular estuary (Lobban and 
Harrison, 1994). The focus of this study was to document and provide a listing of algae from 
estuaries around the Eastern Cape coast of South Africa and describe the communities which 
form within each estuarine habitat. The questions posed were: Do algae assemblages differ in 
estuaries with different environmental conditions? Are different plant communities inhabited 
by different algae communities? Also, are algae diverse in estuaries that are in a pristine 
condition? The estuaries were Mngazana, Ngqusi/Nxaxo, Mtati, Mpekweni, East 
Kleinemonde, West Kleinemonde, Kariega, Bushmans, Kowie and the Sundays estuary. 
Percentage cover surveys were conducted and environmental parameters recorded to 
determine community structure of algae and their environmental tolerances.  
 
A total of 49 different macroalgal species were identified from 11 estuaries, which were 
dominated by Chlorophytes (23 species) and Rhodophytes (17 species). The Ochrophytes 
consisted of 10 species.  The highest number of species recorded was 29 at the Bushmans 
estuary (March 2009), while the lowest number (4 species) was recorded at Mtati (October 
2008). Common Chlorophytes found included Ulva prolifera, Chaetomorpha linum and 
Codium tenue. In the Division Ochrophyta, species from the Genus Ectocarpus were the most 
common.  Of the red algae filamentous reds, Polysiphonia incompta and Polysiphonia 
kowiensis were the common algae found at estuaries. Salinity (p= 0.029861; n= 49) and 
temperature (p= 0.037641; n= 49) were the driving environmental parameters of estuaries and 
significantly influenced richness of species. In ordination analyses, patterns of biogeographic 
distribution were noticeable and were described by salinity. Four gradients caused by salinity 
were therefore found – which is inversely correlated to water clarity.  Moreover, a clear split 
between temporarily open/closed and the permanently open estuaries was observed. Samples 
grouped into four communities presumably based on the similarity in conditions of estuaries. 
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Within each estuarine community and major type of estuary there was a range of 
environmental conditions. However, the macroalgae within each community may not have 
been colonists of or found in greatest abundances in the estuaries of these communities per 
se, but may have grouped together in this manner based on the optimum growing conditions 
for them. Also, specific algal groups were not directly determined by the type of estuary they 
were found in; they were driven by environmental ranges rather. The results therefore support 
hypothesis one which states species distribution and diversity differ and are influenced by 
environmental gradients of the estuary. Although close species and habitat relationships were 
apparent from the ordination analyses, providing support for hypothesis two which states 
“Different plant communities in estuaries will be inhabited by different macroalgae 
communities”, the evidence was not substantial enough to provide sufficient support for the 
hypothesis. Lastly, the hypothesis “Macroalgae are diverse in estuaries that are in a pristine 
condition” was not accepted as highest species numbers were found in estuaries of greatest 
anthropogenic disturbance (e.g. Bushmans estuary) and not in estuaries which where 
ecologically more natural (e.g. Mtati estuary).  
 
By doing monthly macroalgal sampling over a period of one year for example one would 
obtain greater information of biodiversity, and patterns of macroalgal seasonality may be 
uncovered as well. This is an area of reasearch which needs to be investigated in the future as 
it would greatly add to the understanding of the role macroalge have in an estuarine 
environment. 
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1. Introduction 
South Africa has 289 estuaries along 3400 km of coastline with 259 estuaries in a functioning 
condition (Whitfield, 2000; Harrison, 2004; Turpie et al., 2005; Van der Westhuizen, 2007). 
The Eastern Cape hosts 124 of these estuaries along its coast (Allanson and Baird, 1999; 
Walker, 2003). The National Water Act of 1998 defines an estuary as: “A partially or fully 
enclosed body of water which is open to the sea permanently or periodically; and within 
which the sea water can be diluted, to an extent that is measurable, with freshwater drained 
from land.” Approximately 72% of the estuaries of South Africa are temporarily open/closed 
with the highest proportion being found along the east coast, in the subtropical bio 
geographic region. The remaining 28% are divided into permanently open estuaries, estuarine 
bays, estuarine lakes and river mouths (Whitfield, 1992; Maree et al., 2000; Van der 
Westhuizen, 2007). Perrissinotto et al., (2002) completed a literature review on the 
temporarily open/closed estuaries of South Africa. They reported that approximately 81 
estuaries have been studied for their physical and chemical characteristics, 16 estuaries were 
used in aquatic flowering plant studies and 8 estuaries were used in studies of phytoplankton 
and benthic microalgae. It is clear from this review that there are many unknown aspects of 
this and other types of estuarine environments - the study of macroalgae being a large part of 
the unknown. But because each estuary is different in their physical, chemical, and biological 
characters, the type of algae that will occur depends on the definite features of that specific 
estuary.  
 
The growth and accumulation of macroalgae in the intertidal zone of estuaries is common 
(Boyer and Fong, 2005) along the South African coast and growths of filamentous 
Chlorophytes in the Genera Ulva, Chaetomorpha and Cladophora (Karez et al., 2004; Riddin 
and Adams, 2007) are frequently seen. Usually the algae live attached to any substratum; 
sand, rock, wood, a host plant or non-living substrata such as glass or on the shells of living 
molluscs (Lobban and Harrison, 1994) and are found growing at depths to which enough 
light is able to penetrate for photosynthesis. Areas of high mud concentrations house fewer 
algae though, as many are unable to sufficiently attach to the substrate (Lobban and Harrison, 
1994; Adams et al., 1999; Riddin and Adams, 2007). Typically, algal floras in estuaries form 
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perennial zonation patterns in the lower estuary, while further inland single-layered green 
algae and cyan bacteria prominently replace brown and red species in the intertidal zone; 
where zonation boundaries are not distinct (Lambert et al., 1989; Lobban and Harrison, 1994; 
Phillips et al., 1994; Steinke et al., 2003; Melville et al., 2005). Low species richness and 
diversity are generally expected in estuarine water systems of salinity values ranging from 4 
practical salinity units (psu) to 8 psu (Lobban and Harrison, 1994). The number of algae 
found in an estuary may therefore be primarily reflected by the environmental gradients and 
species numbers generally decrease as one moves up the estuary where water becomes 
fresher. A substantial percentage of biomass in estuaries is contributed by algae as well. In 
South Africa, Caulerpa filiformis for example, has been recorded from the Kromme estuary 
covering a 2 hectares (ha) area (Walker, 2003).  
 
Even though methods used by taxonomists to describe taxa are for the most part derived from 
the morphological structure of algae thalli, there is a great deal of variation in this (Andersen 
1992; Graham and Wilcox, 2000). This means of identification then becomes impractical 
when describing the ecological difference between individuals, populations or communities 
(Lobban and Harrison, 1994). A range of characteristics have therefore been used to 
differentiate between algal groups (taxa).  In recent years, algae have been classified into 
divisions (phyla) based on their cell structure, pigment contents and more accurately by the 
molecular sequencing of their genes (Graham and Wilcox, 2000). The types and 
combinations of photosynthetic pigments are important to algal classification as are the 
arrangement of chloroplasts (storage product) and cell walls in defining species (Lobban and 
Harrisson, 1994; Van den Hoek et al., 1995). However, the loss of colour to a specimen, cell 
shrinkage or bursting as a result of osmotic differences in the fluid storage medium are 
common problems to algal identification (Graham and Wilcox, 2000). The analysis of 
reproductive structures is then sometimes the only way in which a sample can be identified to 
species level. The availability of reproductive parts brings about a further problem in that the 
plant may not be in its reproductive phase at the time of collection, thus delineating a 
specimen’s level of organization to its genus only (Andersen, 1992; Graham and Wilcox, 
2000). This is particularly a problem in estuarine environments, where many macroalgae are 
seldom in a reproductive state (Bolton, 2010). 
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It has been reported by Adams et al. (1999) in South Africa and Melville et al., (2005) in 
Australia, intensive studies that have been conducted on algae have been limited to species 
that become primary indicators of water quality. Lambert et al., (1987); Steinke and Naidoo, 
(1990); Philips et al., (1994); and Steinke et al., (2003) studied South African mangrove 
macroalgae and documented biomass, distribution and diversity of algal epiphytes in this type 
of habitat. The primary focus of these works concentrated on the Rhodophyceae of which 
Bostrychia moritziana, Bostrychia radicans and Caloglossa leprieurii were the dominant 
species (Lambert et al., 1987; Phillips et al., 1994). These species occur in close association 
with each other and are widespread from Zululand to the Eastern Cape estuaries (Phillips et 
al., 1994). Rhodophyceae which have been found as mangrove associates, in both South 
Africa and elsewhere include species of Gelidium, Polysiphonia, Catenella and Murrayella 
(Lambert et al., 1987; King and Puttock, 1994; Phillips et al., 1994). Of the Chlorophyceae, 
Rhizoclonium riparium is one of the most abundant species in South African estuaries. Other 
recorded algae include Chaetomorpha, Cladophora, Ulva clathrata and Ulva flexuosa and 
Monostroma (Phillips et al., 1994). Thus studies and data from different habitats in estuaries 
are not completely absent, but are limited (Adams et al., 1999). 
 
The focus of the current study was therefore formulated to provide a detailed ecological 
listing of algae from selected estuaries and habitats around the Eastern Cape coast of South 
Africa. Through the description of communities, habitats and distributions of these algae - 
achieved by the collection of information which describes the conditions that favour their 
growth - we would gain greater knowledge of the composition, abundance and diversity of 
flora from similar estuaries. Works by a number of authors (King and Puttock, 1994; Lobban 
and Harrison, 1994; Fong et al., 1996; Martins et al., 1999; Kamer and Fong, 2000; Krause-
Jensen et al., 2007; Raberg and Kautsky, 2007) suggest that environmental variables, 
particularly salinity and temperature, significantly determine the abundances and distribution 
of estuarine algae. The hypothesis put forward to investigate this was that macroalgae 
assemblages differ in estuaries with different environmental conditions. In other words, the 
abundance, distribution and perhaps, the diversity of algae within an estuary vary as a direct 
result of the environmental gradients of the estuary. Literature, although lacking in good 
examples, provide some information of different plant habitats in South African estuaries that 
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have distinct macroalgae communities associated with them (Lambert et al., 1987; Steinke 
and Naidoo, 1990; King and Puttock, 1994; Philips et al., 1994; Steinke et al., 2003; Melville 
et al., 2005) and provide input into the role the algae play in these habitats. Hypothesis two 
then asks, “Do different estuarine flowering plant communities house specific algal 
communities?” Are algal communities indeed associated with a specific type of habitat or do 
the environmental conditions primarily govern their occurrences, diversity and abundance 
and what is the role they play in each habitat? Finally, with the hypothesis, macroalgae are 
more diverse in estuaries that are in a natural condition, the study aims to determine whether 
a historically stable system that consist of more stable environmental conditions, would in 
turn provide greater numbers of species or would disturbed estuaries be favoured for algae 
richness (Karez et al., 2004; Altman and Whitlatch, 2007; Dolbeth et al., 2007; Krause-
Jensen et al., 2008).  
 
2. Literature Review: 
 
2.1. Why focus on macroalgae in estuaries? 
Estuaries are important ecologically, economically and socially (Colloty, 2000; Edgar et al., 
2000; Colloty et al., 2002; Turpie et al., 2002; Flemer and Champ, 2006). Socially, people 
are attracted to the banks of an estuary because it is aesthetically pleasing, people use the area 
for recreational purposes or they reside in the area. Ecologically estuaries provide food, 
protection and a nursery habitat to a number of faunal species, making them important areas 
of high productivity and diversity. The financial gains estuaries bring to the table are through 
trade and ecotourism. Estuaries also play an invaluable biological role as they support the life 
cycles of fish and invertebrates, and they contribute in the commercial production of shellfish 
(Turpie et al., 2002). They act as filters for particulate material with effective recycling 
mechanisms that aid in the efficient use of increased nutrient supply (Flemer and Champ, 
2006).  
 
The functioning of an estuary becomes highly restricted when freshwater input into the 
system is inhibited (Van der Westhuizen, 2007; Brush and Nixon, 2010). Under extreme 
freshwater reduction for example, estuaries form saltwater systems in which coastal biota 
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dominate, displacing many estuarine species (Flemer and Champ, 2006). This is evident in 
the algal flora in many marine-dominated estuaries. On the other hand, increased freshwater 
flows from estuarine catchments bring increased nutrient levels into the system through 
runoff from land. Algae in the estuaries then quickly take up these nutrients and store them in 
their tissues. If they discharge significant amounts of nutrients there will be increased 
nutrients available in the sediments that would be made available to higher plants (Karez et 
al., 2004; Boyer and Fong, 2005; Caffrey et al., 2007). The fact that saltmarsh plants are 
usually nitrogen limited, having access to nitrogen from the water column through the 
decomposition of algal tissue becomes very important to the mineral nutrition of marsh plants 
that are co-inhabited by macroalgae (Flemer and Champ, 2006). Furthermore, algal mats that 
are found floating on the surface of the water can bring about nutrient fluxes in the sediment 
and in that way, reduce nutrient pools in these sediments (Flemer and Champ, 2006; Caffrey 
et al., 2007). The negative and potentially damaging side to their decomposition however, is 
that they may cause the accumulation of hydrogen sulphide (H2S) through sedimentary 
oxygen depletion, and this would then lead to reduced saltmarsh productivity (Boyer and 
Fong, 2005; Hubas and Davoult, 2006; Caffrey et al., 2007). This evidence concludes that 
opportunistic green algae that form in mats are able to transfer Nitrogen from the mat to the 
surrounding marsh sediments, and do so indirectly. In other words, macroalgae retain 
nitrogen to the water and sediments for future use by surrounding saltmarsh and other plants 
in the system (Karez et al., 2004; Boyer and Fong, 2005; Caffrey et al., 2007). These findings 
just highlight the relationship macroalgae have with other plant communities and the role 
they play in the functioning of an estuarine ecosystem.       
 
As populations increase and more freshwater is being extracted from rivers and the more 
sewage effluents discharge into systems from surrounding households and fertilizer nutrients 
from farms. According to Van der Westhuizen (2007), managing the coastal zone has become 
a focal point of importance as increased social pressures threaten sustainability. More than 
50% of the world’s population resides within the first 60 km of coastline and the UNEP 
(1995) predicts a 75% increase by 2020 (Moore et al., 1998). Eutrophication or the over-
enrichment of nutrients in estuaries has a devastating effect on the system. A shift in habitat 
from a seagrass-dominated system for example, to a faster-growing macroalgal and 
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phytoplankton system (Brush and Nixon, 2010) occurs as one of the effects of this. Estuaries 
like the Great Brak (CSIR, 1992; Potgieter, 2007; Adams, 2008), Bushmans (Watling and 
Watling, 1983; Bornman and Klages, 2004; Jafta, 2010) and East Kleinemonde (Riddin and 
Adams, 2007; Van Niekerk et al., 2008; Human, 2009) along the South African coast are 
showing an increase in the seasonal abundances of algae with numbers prone to increase as 
the nutrient load does (Adams et al., 1992; Adams et al., 1999; Riddin and Adams, 2007; 
Brush and Nixon 2010). Estuaries such as these, where opportunistic algae now dominate 
show a wide range of salinity, temperature and light regimes. Under a specific set of 
environmental conditions, mats can grow to an extensive diameter; the mats then detach from 
their substrate and float on the waters’ surface. Dominant algae that have been reported to do 
this are from the Division Chlorophyta, in the Genera Cladophora and Ulva. The reasons 
these algae thrive, are because of their simple filamentous, sheet-like or tubular thallus 
structure, rapid nutrient uptakes, high growth rates and a long life history patterns that 
promote development in variable environments (Fong et al., 1996; Karez et al., 2004).  
 
2.2. The natural grouping of estuaries and their classification 
It is possible to group estuaries along stretches of coastline in which they occur, even though 
each estuary is unique (Day, 1981; Whitfield, 1992; Edgar et al., 2000; Harrison, 2004). The 
South African coastline has therefore been divided into three bio-geographic regions (Fig.1) 
(Day, 1981; Whitfield, 1992; Coetzee, 1995; Allanson and Baird, 1999). The subtropical 
region includes the estuaries along the Kwa-Zulu Natal coast (Whitfield, 1992; Coetzee, 
1995; Taljaard and Adams, 1999). The warm temperate bio-region includes estuaries along 
the Cape and south East coast from False Bay to the Mbashe estuary on the Transkei coast 
(Whitfield, 1992; Coetzee, 1995; Allanson and Baird, 1999) and the cold temperate region 
along the Cape west coast, from the Orange River to the Krom estuary in the Cape of Good 
Hope Reserve that are influenced by the cold Benguela Current (Day, 1981; Allanson and 
Baird, 1999; Harrison, 2004). 
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Figure 1: The South African coast divided into three estuarine bio-regions (Extracted from 
Whitfield, 1994). 
 
Whitfield (1992) classified estuaries according to the mouth state of each system. The five 
different types of estuaries described are temporarily open/closed estuaries, permanently open 
estuaries, river mouths, estuarine bays and estuarine lakes (Snow and Taljaard, 2007; Van der 
Westhuizen, 2007). Only brief characterizations of estuarine type have been given in the local 
literature because, the ever-changing nature of an estuary makes it difficult to place in set 
categories. Reddering and Rust (1990) describe South African estuaries with a range of 
features. They note that the majority of South African estuaries are small and have a tidal 
prism of 106 m3 or less, most are found in river valleys, with few being developed on coastal 
plains. Those that are found at the coast have a sand-constricted inlet that remains 
periodically blocked. Whitfield (1992) notes estuaries in South Africa as being more similar 
in their characteristics rather than being noticeably different from each other and that it is 
possible to classify these systems based on a number of conditions including their salinity, 
mouth characteristics, tidal prism and mixing processes.  
 
2.2.1.  Permanently open estuaries 
Such estuaries are permanently open to the sea and have a wetland area that is occupied by 
saltmarsh vegetation in temperate regions and mangroves in subtropical areas; submerged 
macrophytes colonize the intertidal and sub tidal zones in the middle to lower reaches of 
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these estuaries. Typical to these types of estuaries is a tidal prism of 1-10 x 106 m3, a 
horizontal salinity gradient and vertical salinity stratification (Day, 1981; Whitfield, 1992).  
The catchment area of a permanently open estuary is often >10 000 km2 with perennial river 
flow.  Salinities tend to fluctuate between 5 psu and 35 psu however, hyper saline (>40 psu) 
conditions may occur. Such salinities were recorded in the upper reaches of the Kariega 
estuary because of the low to no river runoff during extreme drought periods. Water 
temperatures in permanently open estuaries reflect riverine conditions during floods – river 
temperatures in the Eastern Cape are cooler than those of the sea during winter and become 
considerably warmer in the summer months – and this has a stronger influence during normal 
river flows and periods of drought (Whitfield, 1992; Turpie et al., 2002; Turpie et al., 2005). 
The most important environmental drivers for permanently open systems are tides and tidal 
currents as they provide very necessary turbulence and mixing of the water column. Good 
examples of permanently open estuaries around the Eastern Cape coast include among other, 
the Mngazana estuary in the Transkei, the Keiskamma estuary in the Ciskei and the Sundays 
estuary along the Port Elizabeth coastline. 
 
Day (1981) subdivided permanently open estuaries into salt wedge estuaries, highly stratified 
estuaries, partially mixed estuaries and vertically homogenous estuaries, based on the degree 
of salinity stratification in the water column. His classification describes permanently open 
estuaries as those that have an increase in salinity of their waters from the head to the mouth, 
with a net flow of water seaward over one tidal cycle. Salt wedge estuaries are permanently 
open estuaries that have a layer of sea water on the bottom of the estuary and a layer of fresh 
water at the surface but these two layers of water do not mix (e.g. Hopkins River estuary in 
Australia) (Newton, 1996).  Highly stratified estuaries are described as those which have a 
layer of sea water along the bottom of the estuary, a layer of fresh water flowing out at the 
surface and mixed water that separates the two (e.g. Palmiet estuary) (Largier et al., 1998). 
For partly mixed estuaries, the vertical salinity gradient varies in its degree of stratification 
between the surface and bottom water layers and vertically homogeneous estuaries, show 
salinity levels that decrease from the mouth towards the head but these is no vertical 
stratification or gradient at any point along the length of the estuary (e.g. Kromme estuary) 
(Snow et al., 2000). 
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2.2.2.  River mouths 
Rivers dominate the physical processes within this type of estuary. Here, salinity levels are 
predominantly oligohaline as far as the middle reaches of the estuary. Freshwater biota 
therefore dominates these systems, while marine and estuarine species colonize the lower 
estuary. The mouth of these estuaries are permanently open and they have a small (< 1 x 106 
m3) tidal prism, so seawater remains restricted to the mouth and lower reaches during 
moderate or high river flow periods (Turpie et al., 2005; Whitfield, 1992). Water column 
mixing in river mouth systems are driven by river flows. Under moderate to high flows, 
freshwater flows above marine waters. The temperature of the water is determined by the 
inflow of the river for the most part; while marine conditions influence temperatures in the 
bottom waters in the lower reaches of the estuary. River mouth catchment areas are generally 
> 10 000km2 and the rivers have a silt load, some of which gets deposited in the estuary. 
Despite the large amount of water that passes through this type of estuary, they are shallow 
and seldom reach depths greater than 2 m. However, the occurrence of flood events may raise 
the level of water. Swart et al. (1988) reported a 15 m increase in the Orange River estuary. 
Another example of a typical River mouth along the South African coast is the Mfolozi River 
estuary situated along the Natal coastline. There are alternatives to river mouths. Systems on 
the Tsitsikamma coast for example do not have all the features as described. Here, the 
catchment areas comprise of Table Mountain sandstone and the estuaries have a negligible 
silt load regardless of flow rate. They are also commonly short and are found in steep, narrow 
valleys.  
 
2.2.3.  Temporarily open/closed estuaries 
During low flow conditions and longshore movements from the marine environment, 
estuaries become blocked off from the sea by a sand bar that forms at the mouth and this may 
last for varying lengths of time. Day (1981) refers to these as “closed” estuaries. During this 
closed period, no tidal currents occur in the estuary. Fresh water at the head of the estuary 
still enters from the upper reaches and circulation within the estuary is dependent on the 
residual currents from the river, as well as wind mixing on the surface of the water (Day, 
1981). The biotas of temporarily open/closed systems are dominated by marine and estuarine 
species, but freshwater species increase during flood conditions (Begg, 1984).  
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At times, horizontal salinity gradients are present, but are soon replaced by more oligohaline 
(0.6 psu – 5 psu) or mesohaline (5 psu - 18 psu) conditions (Whitfield, 1992; Turpie et al., 
2002). During flood events fresh water dominates in the closed estuary and during extreme 
droughts, salinity levels may reach hyper saline conditions. Hypersaline estuaries have a 
negative salinity gradient from the head of the estuary to the mouth; salinity levels increase 
from the mouth to the head, resulting in hyper saline readings in the upper-most reaches of 
the estuary. Conditions such as these are known to occur during severe drought periods (Day, 
1981; Turpie et al., 2002). Some temporarily open/closed estuaries are linked to estuarine 
lake systems (e.g. the Swartvlei estuary), because of the way in which the system behaves is 
closely tied to water depth fluctuations of these lake systems. Increased lake water depths, 
increase the overall water depth in the adjacent temporarily open/closed estuary, which may 
exceed the level of the sand bar at the mouth, and so opening the estuary to the sea 
(Whitfield, 1992).  Other examples of South African temporarily open/closed estuaries 
include the Mbotyi estuary from the Transkei, Mtati in the Ciskei region as well as Kasuka 
from the Eastern Cape Province.    
 
2.2.4.  Estuarine lakes 
In South Africa, estuarine lakes originate and develop from river valleys (Whitfield, 1992) 
that have been filled by sediments, and so have become isolated from the sea through the 
development of dense coastal forest systems and vegetated sand dunes. Although marine and 
estuarine species are the most abundant biota in estuarine lakes, freshwater species may 
become dominant during prolonged oligohaline conditions (Whitfield, 1992; Turpie et al., 
2005; Van der Westhuizen, 2007). The spatial and temporal salinities therefore range from 
hyper saline to oligohaline. According to Whitfield (1992), some estuarine lakes may have a 
permanent connection to the sea like the Kosi estuary, while others are seasonally linked to 
the marine environment (e.g. Swartvlei) and some are very rarely are connected to the sea 
(e.g. Botriviervlei) . The salinity conditions for these types of systems are dependent on the 
balance between fresh and sea water and the amount of evaporation that takes place, and 
therefore is regarded as highly variable. Water temperatures in South African estuarine lake 
systems, are directly related to the amount of solar radiation the system receives and not so 
much to the temperature of the water of the river or sea while wind drives the mixing of the 
 
 
 
 
 
11
water column. Lake St Lucia along the Natal coast is a model example of an estuarine lake 
system.   
 
2.2.5.  Estuarine bays 
Estuarine bays which may sometime be referred to as “an arm of the sea” can either be 
natural (e.g. Knysna estuary) or partly artificial (e.g. Durban Bay), depending on the amount 
of dredging at the mouth. Mangrove forests and salt marshes that are normal features in 
estuarine bays are sometimes removed for the development of a harbour at the mouth 
(Whitfield, 1992). There is dominance by both marine and estuarine species in the lower and 
middle reaches of the system, while freshwater species remain restricted to the upper parts 
(Whitfield, 1992; Adams et al., 1999). Mixing of the water column is driven by tidal currents, 
so salinity stratification is limited to the upper reaches of the estuary. They have a tidal prism 
of 10 x 106 m3 or more, resulting in the regular return of estuarine water in the lower reaches 
(Whitfield, 1992). Salinities in the lower reaches of estuarine bays are marine (>25 psu) 
because of seawater entering the system. In the middle reaches, more brackish (0.5 psu - 30 
psu) salinities are recorded that extend into the lower reaches during flood events. Water 
temperatures in these reaches are controlled by the marine environment, but water 
temperatures are warmer than the sea during summer months and cooler in winter (Whitfield, 
1992; Van der Westhuizen, 2007).  
 
2.3. Estuarine habitats and macroalgal associations 
Estuaries are dynamic ecosystems that occur between land and sea and provide a number of 
functional roles in the coastal environment (Colloty, 2000; Edgar et al. 2000). There are 
specialized salt-tolerant flowering plants that colonize the intertidal and supratidal areas of an 
estuary that occur in distinct communities such as submerged macrophyte beds, intertidal salt 
marshes, reeds and sedge communities, as well as mangrove forests.  
 
2.3.1.  Saltmarshes and submerged macrophytes 
The functional role macroalgae play in saltmarsh and submerged macrophyte communities 
are numerous; they contribute to the enhancement of habitat complexity, as well as add to 
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processes which increase primary production and nutrient cycling. Macroalgae have a further 
function in saltmarshes and macrophyte beds through their role in sediment stabilization and 
the facilitation of community succession (Colloty, 2000; Dhargarlkar and Shaikh, 2000; 
Biber and Irlandi, 2006; Prado et al., 2007; Riddin and Adams, 2008).  
 
Saltmarshes are features of only a few estuaries along South Africa’s coast which Colloty 
(2000) estimated a cover of approximately 17 000 ha. Marshes occupy the intertidal zone, 
and are inundated by water during and spring and neap high tides. Intertidal saltmarsh in 
Eastern Cape estuaries are typically characterised by Sarcocornia perennis, Sporobolus 
virginicus and Salicornia meyeriana (Riddin and Adams, 2009). In many South African 
estuaries and elsewhere, one or more species of macroalgae are found growing on the bases 
of the stems of these plants (Kendrick et al., 1988; Boyer and Fong, 2005; Riddin and 
Adams, 2009). Saltmarshes become important because they provide inorganic and organic 
nutrient sources for estuaries (Colloty, 2000; Dhargarlkar and Shaikh, 2000). When the 
mouths of temporarily open/closed estuaries are in the closed phase for as short a period as 2 
months, as Riddin and Adams (2008) researched showed, they may become replaced by 
submerged macrophyte communities. 
 
Submerged macrophyte habitats are also highly productive and ecologically important to 
estuaries and coastal lagoons (Hall and Eiseman, 1981; Dhargarlkar and Shaikh, 2000; Biber 
and Irlandi, 2006). Submerged species are characterised by Charophytes such as Chara 
vulgaris and Lamprothamnium papulosum and angiosperms Ruppia cirrhosa, Potamogeton 
pectinatus and Zostera capensis in Eastern Cape estuaries (Riddin and Adams, 2009). 
Submerged macrophyte beds house many macroalgae communities as well. One or more 
species of macroalgae can be found growing among Spartina grasses and are present in 
seagrass beds of Zostera and Ruppia in large clumps. These clumps have the potential to alter 
the productivity of the submerged community and biomass through their shading effects (as 
discussed in the “algal mats” section of this review), and then have a negative effect on the 
ecosystem function. Ulva species are commonly found growing in both habitat types, i.e. 
with Salicornia saltmarsh and in Spartina macrophyte beds, in Eastern Cape estuaries (Boyer 
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and Fong, 2005) like the East Kleinemonde estuary and the West Kleinemonde estuary, 
respectively (Riddin and Adams, 2009).  
 
2.3.2. Reeds and sedges 
Reeds and sedges are found as emergent plants along the banks of the estuary, in the fresh 
and brackish water zones, where they are submerged in soft sediments in intertidal or sub 
tidal regions (Colloty, 2000). These types of plant communities are able to remove large 
amounts of nutrients from the water column and so they act as nutrient sinks in the natural 
environment and are effective enough to be used in waste-water treatment systems to purify 
water. They also act as indicators of eutrophication (artificial nutrient enrichment) from 
riparian land, with lush growth indicating high nutrient concentrations in the area or fresh 
water runoff in the estuary (Colloty, 2000).   
 
2.3.3. Mangroves 
According to Steinke (1999) and Adams et al., (2004), mangrove forests are found in tropical 
estuaries all around the world, between mean sea level and mean spring tide level. Mangroves 
are hosts to a diverse assemblage of macroalgae that grow epiphytically on their prop roots, 
pneumatophores, and stems. The algae become exposed to the environmental gradients 
associated with estuaries during low tide; elements such as fluctuating temperatures, salinity, 
light, nutrient availability and having to be submersed and immersed for prolonged periods of 
time. Their roots and lower parts of their stems become inundated or exposed to different 
degrees by water during a tidal cycle, depending on the position they occupy along the shore. 
This tidal rise and fall creates a continually changing environment, with varying temperature 
and salinity being important factors controlling the distribution of not only the mangrove 
species, but also the macroalgae that are found as epiphytes on their roots and stems (Steinke, 
1999; Melville et al., 2005; Melville and Pulkownik, 2007). These conditions are harsh on 
some species of marine and freshwater macroalgae, but mangrove-associated algae have 
adapted well (Melville et al., 2005; Melville and Pulkownik, 2007).  
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Every species of algae associated with the mangrove environment has a particular salinity 
preference and tolerance range; some are able to tolerate hyper saline conditions and can 
survive where the salinity may reach 60 psu (Lobban and Harrison, 1994; Ridd and Stieglitz, 
2002). Water movements can also affect nutrient and oxygen levels in the soil and water as 
their soils are fine-grained, making them poorly drained, and saline with a high content of 
organic matter (Adams et al., 2004). The soils become waterlogged at high tide and persist 
like this even when the tide is low, because of its poor drainage. This then creates the humid 
and moist environment mangrove macroalgae and cyan bacteria are so comfortable growing 
in (Steinke, 1999; Ashton and Macintosh, 2002).  
 
Adams el al. (2004) and most recently, Granek and Ruttenberg (2008) found that in areas of 
intact mangroves, macroalgal biomass was more than in areas of cleared mangroves in both 
the experiment conducted and in the natural habitat that had been monitored. Granek and 
Ruttenberg (2008) demonstrated light to be the primary driving factor for the abundance and 
community structure of macroalgae. Light penetration was higher in areas of cleared 
mangrove forest compared to areas of intact mangroves. Other observations made in this 
study were that light levels and algal biomass were much higher below canopy gaps in intact 
mangroves than in the shaded areas below the canopy, suggesting that certain mangrove 
associated macroalgae thrive under higher light conditions where soils are rich in organic 
content from the decomposition of leaf litter and other material. Light was therefore the 
primary factor controlling algal biomass (Granek and Ruttenberg, 2008). Mangrove-cleared 
areas, on the other hand, had higher algal richness compared to intact areas of mangrove 
forest. A variety of green, red and brown algae, along with very common cyan bacteria in 
mangrove habitats were found to be consistently higher in disturbed mangroves and 
macroalgae richness was generally low in undisturbed mangroves of Granek and Ruttenberg 
(2008) study.  This suggests that conditions are more favourable for macroalgal growth in 
mangrove-cleared areas. 
 
2.4. Biogeography and distribution  
Biogeography studies geographic distribution patterns and the factors that produce these 
patters with the aim of determining where organisms live and at which abundances (Graham 
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and Wilcox, 2000). Algae that are able to successfully colonize new areas or habitats and 
thrive are less susceptible to extinction compared to algae whose distributions are highly 
limited. This makes algal migration also very important in algal biogeography, as species are 
being introduced into foreign habitats at rapid rates (Graham and Wilcox, 2000). There may 
be confusion between a migratory species and one that is introduced into a new habitat. A 
problem arises then when an introduced species becomes invasive in the particular habitat. 
  
Williams (2007) defines an introduced species as one that is able to successfully colonize a 
habitat far from its indigenous area through human activities, both locally and internationally. 
Not all algae that are introduced into a new area become invasive, but those that do, have the 
ability to change the existing populations and ecosystem to such an extent that even causes 
loss of biodiversity (Williams, 2007). Migrations on the other hand, take place through 
zoospore production which are carried and transferred from one coast to another, either 
through short or long distances by current motions (Graham and Wilcox, 2000). Zoospores 
colonizers of the Genera Enteromorpha and Blidingia for example, survive suspended in the 
water column for kilometres on end and some of the larger species even act as a substrate for 
the migration of epiphytic forms in which co-migration occurs. Although some ‘weedy’ 
species of seaweed can disperse by spores the main dispersal method of seaweed is rather by 
floating pieces of fertile material which release propagules on arrival. Caulerpa species are 
among the few types of seaweed which can reproduce vegetatively by fragmentation. The 
possibility to which a spore is able to disperse however, depends significantly on it size, as 
well as on the topography and hydrology of the dispersing environment and the production 
and release of reproductive propagules, for many algae occur at very specific times of its life 
cycle (Wanabe et al., 2009). So for some, this is the only means by which species are able to 
expand its distribution, linking the success of invasion of a species with its dispersal 
capabilities. The spread of Caulerpa racemosa in the Mediterranean for example, had been 
linked to its varied reproductive and dispersal methods (Wanabe et al., 2009).  
 
Focus is placed on by ecologists and phycologists focus on the spread of alien (non-native) 
species via human activities, such as the disposal of ship ballast water (Graham and Wilcox, 
2000; Williams 2007). Shipping and algal cultures (aquaculture) provide prominent avenues 
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by which alien species are introduced into a new habitat (Williams, 2007) and although most 
introduced species do not interfere with the indigenous algae, there are nuisance migrants. 
Species from the Genus Colpomenia came from Japan into European waters through oyster 
cultures (Graham and Wilcox, 2000). Codium fragile, another highly invasive alga, has 
spread from the North Western pacific to waters along coastlines as far as Australia (Wanabe 
et al., 2009). The species is capable of such rapid colonization because, when established, it 
is able to grow to impenetrable sized clumps that prevent the re-colonization of other algae 
(Wanabe et al., 2009). Introduction by humans is only partly the reason why algae can invade 
new areas. The other reasons are due to their biological and physiological characteristics 
which are high growth rates over summer and early autumn, a wide physiological tolerance 
range, coupled with minimal grazing by animals (Williams 2007; Wanabe et al., 2009). 
 
Apart from alien species introductions and the shifts in species dominance in ecosystems 
through invasive colonization and distribution, the subject of biogeography may also be 
coupled with global climate change, and the implications thereof on seaweed ranges and 
distributions. As it has already been highlighted previously (King and Puttock, 1994; Lobban 
and Harrison, 1994; Fong et al., 1996; Martins et al., 1999; Kamer and Fong, 2000; Krause-
Jensen et al., 2007; Raberg and Kautsky, 2007; Van der Westhuizen, 2007; Cardoso et al., 
2008), temperature and salinity are key factors in determining algal distributions, and for this 
reason, global warming may be influential in future occurrences of species (Graham and 
Wilcox, 2000; Flemer and Champ, 2006). For example, the northward migration of Dictyota 
dichotoma toward the British Isles came about as a result of an average of one degree Celsius 
water temperature increase in the Northern Hemisphere, during the twentieth century 
(Graham and Wilcox, 2000). By being able to pick up such events, phycologists are able to 
predict what effects global warming would have on algal distributions in the future (Graham 
and Wilcox, 2000). 
 
2.4.1. Factors affecting macroalgae occurrence and distribution in estuaries  
According to Phillips et al., (1994) and Krause-Jensen et al., (2007), although estuaries are 
relatively sheltered from the weather and wave action, there still are distinct changes in 
salinity, temperature, light penetration and flows to an estuary that determine the occurrence 
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and productivity of the macroalgae in them (Lobban and Harrison, 1994; Karez et al., 2004) 
and these conditions may vary greatly during a tidal cycle, and more so annually (Andersen, 
1992; Edgar et al., 2000; Hader et al., 2001). Not only do these gradients have an impact, 
seasonal variations are influential as well, with higher degrees of rainfall bringing about more 
land run-off and so greater freshwater input into a system. In addition, estuaries are subjected 
to a number of disturbances; both natural and artificial (Selig et al., 2007). Since many 
macroalgae species are sessile, it is difficult for them to adapt to these ever-changing 
conditions. As a result, the extents to which macroalgae are subjected to a variety of extreme 
biological, chemical and physical conditions within estuaries may be severe. 
 
2.4.1.1. Rainfall, river flow and turbidity 
According to Bunn and Arthington (2002), the most reported abiotic factor determining the 
assemblages of macroalgae are factors related to flow, such as localized variations in water 
velocity, turbulence, flooding and desiccation, the composition of substrates and sediment 
stability. In South Africa, annual rainfall is low and this makes the natural influx of 
freshwater limiting and intermittent. In the Eastern Cape inland areas where droughts are 
frequent, estuaries along that part of the coast are variable with many shorter estuaries closed 
during dry months (e.g. East Kleinemonde) (Cowley and Whitfield, 2001; Van Niekerk et al., 
2008; Riddin and Adams, 2008), while others are muddy or well developed (e.g. Bushmans) 
(Jafta 2010). Transkei estuaries are similar, although rainfall is much higher and limited to 
the summer months (Day, 1981; Adams et al., 2004).  
 
Flow rates in particular are of an importance to macroalgae in estuaries as they depend on 
water movement to bring and circulate nutrients and other elements in the system. It was 
found that faster flow rates lead to an increase in macroalgal species diversity in estuaries due 
to increased nutrient exchange and decreased sedimentation on macroalgal fronds.  Also, 
macroalgal mats which form under eutrophic conditions tend to be stable during daily tidal 
flows but their hydrodynamic effects on estuaries modify the tidal circulation of the estuary 
through the reduction of flow velocities within an algal mat and the increase of friction at the 
top of such mats. A study by Escartin and Aubrey (1995) on flow rates within and away from 
algal mats found that most algae prefer moderate flow.  
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Light penetration into estuarine waters depends to a large extent on water turbidity which 
may increase because of an increase of phytoplankton in the water, bottom sediment 
disturbances or merely because of heavy rain (Joska and Bolton, 1993). In general, turbidity 
decreases and so light penetration increases with depth, the closer one moves towards the sea 
(Perkins, 1974; Hader et al., 2001). According to Krause-Jensen et al., (2007), water clarity is 
one of the three main primary growth-regulating factors which influence patterns of 
macroalgal abundance and distribution on a large scale; nutrient concentration and salinity 
are the other two factors. Macroalgal composition also shows changes in environmental 
conditions; macroalgal biodiversity increases as water clarity increases, though its influence 
may not be restricted by this one factor only (Krause-Jensen et al., 2007). Their review 
proposed salinity and nutrient concentrations of other contributing factors.  
 
2.4.1.2. Salinity changes 
Salinities lower than that of seawater occur naturally in coastal estuaries (Kamer and Fong, 
2000) but macroalgae sometimes undergo extreme salinity fluctuations due to high rates of 
surface evaporation or freshwater run-off brought on by extreme rain events (Lobban and 
Harrison, 1994; Martins et al., 1999; Biber and Irlandi, 2006). According to Adams et al., 
(1992), South African estuaries often exhibit a wide range of salinities from 10 psu to 40 psu. 
In the natural environment, decreased salinities play a big role in limiting the distribution of 
macroalgae by reducing its photosynthetic rate and in turn, the growth rate (Kamer and Fong, 
2000; Biber and Irlandi, 2006) and because of this, filamentous species in particular are able 
to colonise either the entire estuary or be site specific. Ulva intestinalis is commonly known 
in South African estuaries. According to Kamer and Fong (2000), Ulva intestinalis is a 
euryhaline species and is able to tolerate a wide range of salinities and is usually found 
throughout the length of an estuary. The species is important to several ecosystem processes 
because they make a considerable contribution to the primary production of the system they 
are found growing in. Salinity tolerance may therefore be recognised as one of the key factors 
determining the distribution, and so the survival of macroalgae in the estuarine environment 
(Adams et al., 1992; Kamer and Fong, 2000). 
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2.4.1.3. Temperature effects and seasonality 
In general, estuarine temperatures are determined by the temperatures of both sea and land. 
Coastal sea temperatures are highly variable and have a greater influence in the lower reaches 
of an estuary. Filamentous and parenchymatous algae show wide temperature ranges as fresh 
water enters the upper reaches that will typically be warmer compared to water entering from 
the ocean at the mouth. In warm estuaries, the minimum temperature becomes the limiting 
factor naturally resulting in a decrease of tropical macroalgae species toward the poles. 
Substantial variations may also exist within a species genotype with regard to its optimum 
growth and temperature tolerances (Andersen, 1992; Lobban and Harrison, 1994) though. 
Ulva linza, for example, has different temperature responses; high intertidal species are able 
to tolerate higher temperatures compared to Ulva linza that grows lower down the intertidal 
zone.  
 
Seasonal changes in estuary waters also take place and there are noticeable increases in the 
range of temperatures as one move up the estuary (Perkins, 1974). Along the South African 
coast, in the Transkei the Agulhas current has an average temperature of 25ºC. However, this 
current wanders and becomes cooler in winter making the seasonal range from 18ºC to 25ºC 
(Day, 1981; Granek and Ruttenberg, 2008). Along the Eastern and Southern Cape coasts, 
estuarine winter seasonal temperatures range between 14ºC and 20ºC (Day, 1981; Adams et 
al., 1992). Macroalgae have their main growing season from spring to early summer, but for 
ephemeral annual macroalgae this extends into early autumn (Oberg, 2006). Light and 
temperature are regarded as the limiting growth factors for macroalgae during winter. During 
this time the alga’s internal nutrient reserves become replenished and allow for rapid growth 
in spring, continuing into the summer months (Hader et al., 2001; Oberg, 2006) and when 
these internal reserves become exhausted, growth still continues, but at a rate that is governed 
by the environment. Although temperatures change seasonally and in that way are influential 
in algal distributions and occurrence, salinity is still recognised by authors (Kirst, 1990; 
Adams et al., 1992; Taylor et al., 2001; Larsen and Sand-Jensen 2006) as the driving factor 
of distribution in estuarine environments.  
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2.4.1.4. Nutrients and eutrophication in estuaries 
Estuaries are subjected to a number of anthropogenic pressures which can damage the health 
and sustainability of the inhabitants of the estuary (Edgar et al., 2000; Cardoso et al., 2008). 
Pressures such as pollutants and nutrient over-enrichment (eutrophication) may bring about a 
change in the overall habitats of the system. The way in which the environment responds to 
such stressors is the combined result of both direct and indirect processes which can be 
interpreted as a change in the abundance and diversity of the individuals, populations and the 
communities of the system (Cardoso et al., 2008).  
 
The increase in human population numbers has grown exceptionally in the coastal zone 
which resulted in an array of ecological stresses to the aquatic environment, especially 
estuaries (Edgar et al., 2000; Colloty, 2000; Turpie et al., 2002; Karez et al., 2004; Flemer 
and Champ, 2006). One stressor that is of vital concern is nutrient over-enrichment. 
Population growth has brought about the increase in nutrient loads into estuaries, as well as 
increased agriculture around estuary catchment areas. The result is increased nutrient inputs 
that cause extensive algal growth that may result in increased hypoxia and anoxia in estuaries 
(Peckol and Rivers, 1996; Fong et al., 1998; Karez et al., 2004; Salovius and Bonsdorff, 
2004; Caffrey et al., 2007).  
 
Many exposed estuaries that are rocky, shallow and have a large photic zone have extensive 
natural growth of filamentous algae, as there is a wide area for colonization. This combined 
with the correct physical parameters and sufficient nutrient inputs are prime factors for 
growth and have even led to periodic blooms in macroalgae species from the Genera Ulva, 
Cladophora and Chaetomorpha (Adams et al., 1992; Peckol and Rivers, 1995; Naldi and 
Viarioli, 2002; Karez et al., 2004; Riddin and Adams, 2008). These types of macroalgae are 
known to be r-selected species, meaning they have a fast growth rate but don’t have very long 
life cycles. Species such as Cladophora glomerata, species of Ulva and Ectocarpus 
siliculosus compete strongly with more perennial species like Fucus vesiculosus (Karez et al., 
2004; Salovius and Bonsdorff, 2004). Species from the Genus Ulva in particular, have been 
described by many authors (Fong et al., 1998; Naldi and Viarioli, 2002; Menendez, 2005; 
Flemer and Champ, 2006; Caffrey et al., 2007) as opportunists because of their thallus 
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morphology (thin and one cell layer thick), fast growth rates and the rapid uptake of nitrogen 
and phosphorous. The more sessile filamentous forms would eventually detach from their 
substrate closer to the end of their life cycles. The loose filaments are then either found 
floating on the water’s surface as algal mats or they sink to the floor where the degradation 
process takes place (Salovius and Bonsdorff, 2004). Algal mats could be seen as a completely 
self sufficient community that is made up of detritivores, algae and other micro organisms. 
Macroalgae suspended in the water column can limit light and lessen water column nutrients 
available to submerged and benthic species. On the other hand, macroalgae are also able to 
intercept nutrients from the sediment and, in that way, deplete water column nutrients.  
 
In the estuaries along our South African coast, extensive algal mats of mainly Ulva 
intestinalis and drifting species Codium tenue are common sightings. Codium tenue mats in 
particular can be several centimetres deep and over two meters in diameter. Filamentous 
Chlorophytes are also able to cover significantly large areas of the surface of the water. They 
are able to colonize at such high densities because of the areas in which they grow; which are 
in zones that are sheltered from strong winds and currents. The mats are generally unaffected 
by daily tidal flows and only after a severe environmental effect (e.g. high sea currents or a 
storm event) do they become disturbed and are displaced (Riddin and Adams, 2007; Escartin 
and Aubrey, 1995). The effects of algal mats on the hydrodynamics of estuaries are still not 
very well understood, but what has been found is that the flow of currents are reduced inside 
the mat and friction is increased on top of the mat, which may alter tidal circulation of an 
estuary (Escartin and Aubrey, 1995). Other than disturbing the flow patterns of estuaries, 
macroalgal mats also affect the distribution of the water columns dissolved matter. Oxygen 
and its vertical distribution is controlled by the photosynthesis and respiration of macroalgae, 
with the added help of the turbulent mixing of nutrients that are brought about by winds, 
currents and waves (Riddin and Adams, 2008; Escartin and Aubrey, 1995).  
 
2.4.1.5. Macroalgae responses to disturbance events in estuaries 
In estuarine habitats, macroalgae add spatial complexity - which contributes to species 
richness and diversity (Schmidt and Scheibling, 2007). When significant variations in the 
environment of estuaries occur and remain like that for a prolonged period of time, the 
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vegetation changes in response to the new condition (Alvarez-Rogel et al., 2007; Schmidt 
and Scheibling, 2007; Graham and Wilcox, 2000). Disturbance, defined by Cheroske et al., 
(2000) as the removal of biomass due to environmental causes, can control the structure of 
algal communities. Disturbance in the form of herbivores grazing for example can control 
algal community structure. As grazing intensity increases, algal communities shift from 
perennial macroalgae to fast-growing filamentous turf forms and eventually to herbivore-
resistant algal crusts (Cheroske et al., 2000).  
 
Human-influenced introductions of non-native species are another biodiversity threat that 
may cause a disturbance to aquatic ecosystems. Estuaries are the most susceptible to this, 
because they are affected by stressors such as urbanization, exploitation of fisheries and 
shipping (Altman and Whitlatch, 2007). Although not all species that are introduced in a new 
area become invasive and cause ecological or economical damage, such species may still 
need to be monitored and managed (Williams, 2007). If such species become invasive they 
are able to alter populations, communities and ecosystems in severe ways in very short time 
spans and have been linked to biodiversity loss over wide geographic ranges (Altman and 
Whitlatch, 2007; Schmidt and Scheibling, 2007). There is a plethora of evidence that 
validates disturbances to aquatic systems as the facilitators of non-native species 
introductions in such systems (Altman and Whitlatch, 2007) and research conducted by 
Airoldi et al., (2008) has shown that introduced species tend to invade disturbed habitats 
more easily than undisturbed ones. Essentially, a disturbance event creates gaps in the 
vegetation allowing for the recruitment and rapid colonization of more stress-tolerant species 
(Baldwin and Mendelssohn, 1998) but the real impact they have depends on the type of 
disturbance and its frequency and to a larger extent, the resilience of the ecosystem.   
 
3. Study area 
The 11 estuaries surveyed in this study were selected from around the Eastern Cape coast of 
South Africa (Fig. 2). Estuaries were selected based on their mouth status, the size of each 
estuary, and the dominant plant habitat of the estuary. There are the permanently open 
mangrove estuaries around Port St. Johns; Mngazana in the subtropical bioregion of South 
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Africa, and two warm temperate estuaries from the Wavecrest resort - Nxaxo and Ngqusi. At 
Wavecrest, mangroves are sparse and are concentrated along the banks of the estuary, 
exposing a large area of the floor to high light intensities, a steep intertidal zone with limited 
space for development. Mngazana on the other hand, has a dense mangrove forest that 
provides optimum environmental conditions - moderate light, high humidity, moist sediments 
that hold water during low tide and sufficient nutrients in the sediments - for maximum 
growth and development. 
 
The estuaries around Port Alfred, whose dominant plant habitats are salt marshes and 
submerged macrophye beds, are the temporarily open/closed estuaries of Mtati, Mpekweni, 
East Kleinemonde and West Kleinemonde. The temporarily open/closed estuaries are short 
(<5 km long) and the mouth of these estuaries are frequently closed. The permanently open 
estuaries around Port Alfred are the Kowie, Kariega and the Bushmans estuaries, which have 
a high marine influence from the mouth through to the upper reaches. Salt marshes dominate, 
but reeds and sedges also grow extensively in these estuaries. The Sundays estuary, is a 
permanently open estuary, with strong freshwater inflow at the head, and is situated in Port 
Elizabeth in the Eastern Cape. The Sundays estuary is dominated by reed beds in the middle 
to upper reaches, as there is limited intertidal space for salt marshes to develop and grow. 
Each estuary has been described in greater detail in the paragraphs that follow.   
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Figure 2: Location of estuaries surveyed along the Eastern Cape coast, South Africa. 
 
3.1. Mngazana estuary 
The Mngazana estuary  (31°42' S, 29°25' E) is a 224 ha (Plate 1), permanently open 
mangrove estuary situated south of the town of Port St John’s on the Transkei coast of the 
Eastern Cape (Adams et al., 2004). It differs from all estuaries in this study as it is the only 
one from the subtropical bioregion (Fig. 2). The system drains a catchment area of roughly 
285 km2 (DEAT, 2008d). The estuary is 150 km long and the annual rainfall is between 850 
mm and 1000 mm, falling mainly in summer. The banks of the Mngazana estuary are sandy 
at the mouth but become muddy up to the head of the estuary, with occasional rocky 
outcrops. It receives regular tidal exchange so that it exhibits a range of salinity from 0 psu at 
the head of the estuary to 37 psu at the mouth (Colloty, 2000; Adams et al., 2004). Seasonal 
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temperatures are between 16°C and 28°C close to the head and 18°C and 24°C in the mouth 
region. The estuary is well oxygenated and unpolluted (Adams et al., 2004) and is one of the 
undeveloped estuaries in the Transkei with extensive mangrove swamps  
 
 
Plate 1:  A satellite image of the Mngazana estuary (Sourced from Google earth, 2012). 
 
3.2. Ngqusi and Nxaxo estuaries 
Nxaxo and Ngqusi (32º35’ S, 28º31’ E), are two estuaries at Wavecrest (Plate 2) that are 
situated south of Port St John’s along the Transkei coast in the Eastern Cape and drain into a 
common permanently open mouth (Harrison et al., 1997; Whitfield, 2003). The system drains 
a catchment area of approximately 134 km2 (DEAT, 2008e). Temperatures along these 
estuaries range between 13°C (minimum in winter) and 28°C (maximum in summer). On 
average the rainfall ranges between 760 mm and 1400 mm per annum. 
 
Mngazana
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Plate 2: A satellite image of the East and West arms of the estuaries at Wavecrest 
(Sourced from Google earth, 2012). 
 
3.3. Mtati estuary 
The Mtati estuary (33º25’ S, 27º16’ E) is a small (25 ha) temporarily open/closed estuary 
(Plate 3) from the warm temperate bioregion along the South African coast and is roughly 5 
km long (Whitfield, 1992; Colloty, 2000; Whitfield, 2003). The estuary is situated 38 km 
north-east of Port Alfred. Intertidal and sub tidal salt marshes, submerged macrophyte beds 
and intertidal reed and sedge communities (Colloty, 2000) line the banks of the Mtati estuary.  
The mouth is frequently closed (>2 years) (Riddin and Adams, 2008) with a salinity close to 
that of seawater (Harrison et al., 1997). Mtati has minimal anthropogenic impacts with few 
residential homes at the mouth of the estuary. 
 
Nxaxo 
Ngqusi 
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Plate 3: A satellite image of the Mtati estuary (Sourced from Google earth, 2012). 
 
3.4. Mpekweni estuary 
The Mpekweni estuary (33º26’ S, 27º14’ E), found in close proximity of the Mtati estuary 
and is a temporarily open/closed estuary in this study (Plate 4). It is approximately 3.4 km in 
length and has a surface area of approximately 25 ha. The mouth of the estuary is frequently 
in a closed state (Harrison et al., 1997). Saltmarsh vegetation, reeds, sedges and submerged 
macrophytes (Colloty, 2000; Human 2009) are the plant communities that are found 
inhabiting the Mpekweni estuary. A resort and hotel are found in the lower reaches near the 
mouth. 
Mtati
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Plate 4: A satellite image of the Mpekweni estuary (Sourced from Google earth, 2012). 
 
3.5. East and West Kleinemonde estuaries 
The East and West Kleinemonde estuaries fall within the warm-temperate region, are situated 
approximately 16 km north-east of Port Alfred. In the past, the two estuaries have shared one 
mouth as they are approximately 400 m apart (Whitfield, 2003; Riddin and Adams, 2009).  
 
The East Kleinemonde estuary (33º83’ S, 27º80’ E) is a small, shallow system. During long 
periods of mouth closure the water depth can reach up to 2.5 m above mean sea level, but 
after a flooding event, water depths drop to approximately 1 m (Vorwerk et al., 2001; 
Whitfield, 2003; Whitfield et al., 2008; James et al., 2008; Allan and Froneman, 2008; 
Taljaard et al., 2009a and b), due to mouth breaching. Minimal water flows into the estuary, 
because of the small catchment area which is sized at about 43.6 km² (Vorwerk et al., 2001; 
Van der Westhuizen, 2007; Riddin and Adams, 2008; James et al., 2008; Taljaard et al., 
2009a and b). The catchment area has steep river valleys that are covered by undisturbed 
Valley Bushveld vegetation, but the area consists largely of cattle farms (Cowley and 
Whitfield, 2001; James et al., 2008). The estuary is 3.7 km long and 120 m wide in the mouth 
region. The widest section of 250 m occurs in the lower reaches during the closed phase 
Mpekweni 
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when low lying saltmarsh areas are inundated (Cowley and Whitfield, 2001; Whitfield, 2003; 
Riddin and Adams, 2008; Whitfield et al., 2008). Mean annual run-off is 2.86 × 106 m3 
(Hughes 2008; Taljaard et al., 2009a and b). The shoreline in the lower reaches has been 
impacted by residential development (Whitfield et al., 2008). 
 
The West Kleinemonde estuary (33º84’ S, 27º81’ E) runs parallel to the East Kleinemonde 
estuary (Plate 5) but has a larger water surface area. This has a more stable community of 
submerged macrophytes because the West Kleinemonde breaches less frequently compared 
to the East Kleinemonde estuary (Day, 1981; Whitfield 2003; Riddin and Adams, 2008). The 
estuary is approximately 5 km long and has a catchment size of 93.7 km2 (Riddin and Adams, 
2009). The upper reaches are between 20 m and 30 m wide and 2 m to 3 m deep with steep 
muddy banks, the middle reaches widen from 20 m to 200 m and drops to depths of 
approximately 2 m. The lower reaches form a sandy shallow lagoon of up to 200 m wide 
(Day, 1981; Whitfield, 2003; Riddin and Adams, 2008). 
 
The rainfall is erratic but averages 525 mm-1, falling predominantly in spring and autumn 
with occasional floods. Salinity along this estuary ranges between 5 psu and 10 psu in the 
upper reaches, 10 psu to 30 psu in the middle reaches, and salinities around the mouth are 
above 25 psu. Waters are well mixed by the wind so that there is no stratification in the water 
column and water is clear and well oxygenated to the bottom (Day, 1981; Whitfield, 2003). 
Water temperatures rise from 22°C to 29°C in the summer and fall to 15°C or even 12°C in 
winter. The ecology of Kleinemonde estuaries are of particular interest as an example of the 
many small Cape estuaries which are closed and atidal during dry periods. 
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Plate 5:  satellite image of the East and West Kleinemonde estuaries (Sourced from 
Google earth, 2012). 
 
3.6. Kowie estuary 
The Kowie (33º36’ S, 26º54’ E) is a permanently open estuary (Plate 6), located in the 
Eastern Cape. It is approximately 21 km long and has a catchment area of 800 km2 
(Whitfield, 2003; DEAT, 2008c) that receives 638 mm of rain per year on average - most of 
which falls in spring and autumn (Day, 1981; Forbes, 1998). The estuary has steep banks, is 
between 2 m and 3 m deep and has a sandy bottom, with occasional rocky outcrops. Salinity 
is usually above 30 psu along the length of the estuary, but does increase to 40 psu in dry 
seasons or decrease to 0 psu at the surface after heavy rains (Day, 1981; DEAT, 2008c). 
Seasonal temperatures range between 11°C and 27°C (at the head) and 14°C to 22°C (at the 
mouth). Turbidity is high and during heavy rains or prolonged flood events, may last for two 
to four weeks. The Kowie marina covers an area of 45 ha and resulted in the loss of the east 
flats and the intertidal marshes. The marina is linked to the estuary and consists of a series of 
residential islands separated by artificial channels (Forbes, 1998).  The mouth is dredged, 
straightened and stabilized by stony embankments.  
West 
Kleinemonde 
East  
Kleinemonde 
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Plate 6:  A satellite image of the Kowie estuary (Sourced from Google earth, 2012). 
 
3.7. Kariega estuary 
The Kariega (33º40’ S, 26º12’ E) is another estuary situated along the Eastern Cape coast, 
South west of Port Alfred (Plate 7). The mouth of the estuary permanently opens east of 
Kenton-on-Sea, and the estuary is approximately 20 km long (Grange and Allanson, 1995; 
Whitfield, 2003; Jennings 2005; Taljaard et al., 2009b; Heyns and Froneman, 2010) with a 
catchment of 685 km2 (Jennings, 2005; DEAT, 2008b; Taljaard et al., 2009b). Mean annual 
runoff is 2.5 x 106 m-3 to 3.5 x 106 m-3. As a result of its inflow brought about by intermittent 
rains, a small catchment area and the presence of several impoundments in the region (Teske 
and Wooldridge, 2003; Heyns and Froneman, 2010), the Kariega is a shallow (3 m deep), 
channel-like homogeneous marine system in which changes in water depth occur in response 
to semi-diurnal and spring-neap cycles (Grange and Allanson, 1995; Forbes, 1998; Jennings, 
2005; Heyns and Froneman 2010). Residential developments are also found at the mouth and 
lower reaches of the estuary and the Kariega Park private nature reserve occupies part of the 
upper reaches (Jennings, 2005). The banks along the length of the estuary consist of soft 
sediments but a number of rocky outcrops are noticed along the water’s edge (Forbes, 1998).  
Kowie
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Plate 7:  A satellite image of the Kariega estuary (Sourced from Google earth, 2012). 
 
3.8. Bushmans estuary 
The Bushmans estuary (33°42' S, 26°40' E), a permanently open estuary (Plate 8), is found 
southwest of Port Alfred in the Eastern Cape in the warm-temperate bioregion of South 
Africa (Whitfield, 2000; Whitfield, 2003). The estuary is approximately 32 km long with a 
catchment area of 2675 km2 with a mean annual run-off of 38 x 106 m3 (Day, 1981; Forbes, 
1998; DEAT, 2008a). The upper reaches above Ghio Bridge increase to a depth of 1.5 m with 
narrow intertidal banks and a bed of sandy mud (Forbes, 1998). From Ghio Bridge to 
Kabeljaauw Draai the depth increases to 2.5 m high at high tide, the banks are steep and often 
rocky and the bed is muddy (Day, 1981; Forbes, 1998). Although the 3 km lower reaches are 
exposed at low tide, the channels between them average between 6 m and 8 m in depth. The 
estuary is marine-dominated as far as 40 km upstream (Bornman and Klages, 2004) as result 
of the low run-off from the catchment. The water is fairly clear with high tide secchi readings 
of about 0.5 m over the upper and middle reaches, increasing to 0.85 m. Surface temperatures 
are between 17°C and 19°C over the whole estuary (Day, 1981; Forbes, 1998).  Surface 
salinities at spring tide are 30 psu to 34 psu as far up as Ghio Bridge and then decrease to 20 
Kariega
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psu at 22.5 km from the mouth (Day, 1981). A concern along the Bushmans is the high levels 
of sedimentation in the estuary. Sand build-up is brought about by increased water abstraction 
from rivers for agricultural purposes (Van der Westhuizen, 2007) and Papadopoulos (2006) 
work estimated a 50% decline in freshwater inflow into the estuary by 2025.  
 
 
Plate 8: A satellite image of the Bushmans estuary (Sourced from Google earth, 2012). 
 
3.9. Sundays estuary 
The Sundays estuary (33º43’ S, 25º51’ E) is permanently open, channel-like and extends to a 
length of 21 km (Plate 9). The estuary is situated north-east of Port Elizabeth. The Sundays 
river starts in the Karoo near Nieu Bethesda with a river catchment of 20 990 km2 (Day, 
1981; Whitfield, 2003; Scharler and Baird, 2005; DEAT, 2008f) and drains into the Indian 
Ocean along the Algoa Bay coast in the Eastern Cape (Day, 1981; Whitfield and Paterson, 
1995; DEAT, 2008f). The estuary is approximately 2.5 m deep at the mouth that gradually 
deepens to approximately 4 m (Forbes, 1998). Sundays is characterised by steep banks and a 
narrow intertidal zone with muddy sediments (Adams and Wooldridge, 1996; Sharler and 
Baird, 2005; Whitfield, 2003), and the absence of salt marshes (Forbes, 1998). The estuary 
Bushmans 
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has a muddy bottom, making waters turbid are brought about through strong tidal currents 
and a high input of freshwater. Secchi depths between 20 cm and 40 cm have been recorded. 
Salinities range from 2.6 psu at the head of the estuary to 28 psu and 35 psu at the mouth 
during summer with temperatures ranging from 25°C to 23°C from head to mouth. In winter, 
salinities are 1.3 psu at the head and 19 psu at the mouth. Temperatures during this season are 
approximately 14°C from the upper reaches to the mouth of the estuary. During low flow 
conditions the estuary may become eutrophic due to agricultural return flow from the 
catchment (Day, 1981; Adams and Wooldridge, 1996; Forbes, 1998; Whitfield, 2003). 
 
 
Plate 9: A satellite image of the Sundays estuary (Sourced from Google earth, 2012). 
 
The classification, bioregion and the ecological condition of estuaries in this study are 
illustrated in Table 1. Good, fair and poor designations, based on Morant and Quinn (1999) 
research, described the condition of an estuary according to the intensity and characteristics 
of developments around the estuary, as well as the extent of agricultural and urbanization in 
the catchment. They found that a catchment that was not severely disturbed by large amounts 
of organic and toxic wastes, erosion or the damming of a river, the ecological condition of the 
estuary would be considered in a “good” condition.  An estuary that is in a “fair” ecological 
Sundays 
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condition would imply that there is noticeable ecological degradation in the catchment, which 
occurred as a result of agriculture or urbanization, or river degradation resulting from a 
severe environmental change from neighbouring areas to the estuary. A “poor” state would be 
an estuary that because of anthropogenic influence would have been physically altered. 
 
Table 1: Estuary Classification, bioregion and the ecological condition for estuaries in 
this study (Adapted from Day, 1981; Whitfield, 1992; Allanson and Baird, 1999; 
Morant and Quinn, 1999; Colloty, 2000). 
Estuary Classification Biogeographic region 
Ecological 
Condition 
Mngazana Permanently open Subtropical Good 
Ngqusi/Nxaxo 
(Wavecrest) 
Permanently open Warm Temperate Good 
Mtati 
Temporarily 
open/closed 
Warm Temperate Good 
Mpekweni 
Temporarily 
open/closed 
Warm Temperate Fair  
East Kleinemonde 
Temporarily 
open/closed 
Warm Temperate Fair 
West Kleinemonde 
Temporarily 
open/closed 
Warm Temperate Fair 
Kowie Permanently open Warm Temperate Poor 
Kariega Permanently open Warm Temperate Poor 
Bushmans Permanently open Warm Temperate Poor 
Sundays Permanently open Warm Temperate Fair 
 
4. Methods 
4.1. Field work 
Estuaries were surveyed between March 2008 and April 2009. Samples were collected from 
along the water’s edge and submerged seaweeds were collected as well. Selective sampling 
was employed to achieve highest species abundance and diversity and to reduce the chance of 
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any material being missed. Five sites were chosen along the length of each estuary, which 
were determined by the amount of macroalgal coverage at sites in the estuary; i.e. sites were 
sampled where areas of nutrient input was shown (around storm water drains, Phragmites 
australis beds), in sheltered areas like enclosed bays and areas where there were suitable 
substrate for attachment and growth (e.g. boat jetties, the walls of bridges, rocks, sand, the 
bases of stems). Environmental parameters recorded at each estuary included water 
temperature, salinity, water depth and secchi depth. Water temperatures were measured using 
a mercury thermometer, salinity recorded with an Atago hand held refractometer, water depth 
was determined with a graded measuring stick, and secchi depth was determined using a 
secchi disk. A minimum of 5 measurements were taken where the algae were growing. These 
data were used to determine tolerance ranges for the macroalgae. At each site, macroalgal 
abundance of the area was determined using the Braun Blanquet cover abundance scale 
(Braun-Blanquet, 1932; Mueller-Dombois and Ellenberg, 1974): 5 = Abundant (>75% 
cover), 4 = Common (50% to 75%), 3 = Occasional (25% to 50%), 2 = Present (5% to 25%), 
1 = + low cover (< 2%). Morphological descriptions of the flora, descriptions of their 
habitats, photographic records were also collected. Field information recorded included: 1) 
size and morphology, 2) attachment (attached to a substrate, floating, epiphytic), and 3) type 
of substrate (rock, sand, host plant or animal, non-living substrates).  
  
4.2. Laboratory processing 
All samples were preserved in a 5% formaldehyde and estuarine water solution and 
additional samples were pressed within 48 hours of collection. Duplicate pressed specimens 
were added to the Ria Olivier Herbarium (PEU) at the Department of Botany, Nelson 
Mandela Metropolitan University and the Bolus Herbarium (BOL) at the University of Cape 
Town. Also, duplicate permanent slides of algae were prepared for light microscopy and 
mounted for identification. Microscope slides were prepared with the corn corn syrup method 
according to Foote (1982) and Purvis et al. (1964) method for filamentous algae. Voucher 
microscope slide specimens were deposited along with the pressed specimens in the two 
herbaria.  
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In the laboratory algae were removed from their substrate (if attached), washed clean and 
separated into species. Algae were identified with the aid of identification keys from authors 
such as Silva (1959), Richardson (1975), Womersley (1987), Stegenga et al. (1997), and 
Brodie et al. (2007). Microalgae and cyan bacteria were not included in this survey. 
 
Digital photographs were taken of mounted specimens and sections were made of the 
identifying characteristics (Appendix D) of species. These were captured with the Leica DFC 
290 and Carl Zeiss cameras and collated with field photographs into an identification 
catalogue for reference purposes in this study and future use in estuarine studies. Silica-dried 
specimens were taken of interesting and unusual species for future molecular taxonomic work 
by colleagues. 
 
4.3. Statistical analysis 
Statistical analysis and multivariate techniques were used to distinguish macroalgae 
communities in estuaries. Statistica 8 was used for a Sharpiro-Wilks test for normality, and 
comparison of data sets with either a One Way Analysis of Variance (Tukey HSD test) for 
parametric data or a Kruskal-Wallis Analysis of Variance for non-parametric data. A multiple 
linear regression of environmental variables was done to identify the environmental drivers 
that determined distribution patterns of algae. 
 
Ordination techniques were chosen to describe the relationships between species distribution 
and the physical environment of the estuaries surveyed. Macroalgae abundance data and 
presence/absence data of species and environmental variables were analysed using Detrended 
Correspondence Analysis and Canonical Correspondence Analysis (Ter Braak, 1985).  
 
5. Results 
A total of 49 different macroalgal species had been identified from the 11 estuaries (Table 2). 
These were dominated by Chlorophytes (22 species) and Rhodophytes (15 species). The 
Ochrophytes comprised 11 species. The highest number of species recorded in any one 
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estuary was 29 at the Bushmans estuary (March 2009) and the lowest number of species was 
4, recorded at Mtati (October 2008).  
 
Table 2: Estuarine macroalgae flora identified in this study. The taxonomy of the algae 
reported here follows that of Stegenga et al. (1997) and Guiry and Guiry, 2010. 
 
Division: Chlorophyta 
Order: Ulvales: 
  Family: Kornmanniaceae 
    Blidingia marginata (J. Agardh) P.J.L Dangeard 
  Family: Ulvaceae  
    Ulva flexuosa Wulfen 
    Ulva intestinalis Linnaeus 
    Ulva linza Linnaeus 
    Ulva prolifera O.F. Müller     
Ulva compressa Linnaeus 
    Ulva rigida C. Agardh 
    Ulva lactuca Linnaeus    
Order: Cladophorales 
  Family: Cladophoraceae 
Chaetomorpha capillaris (Kützing) Børgesen 
    Chaetomorpha linum (O.F. Müller) Kützing 
Cladophora glomerata (Linnaeus) Kützing 
    Cladophora sp1. 
    Rhizoclonium lubricum Setchell & N.L. Gardner 
Rhizoclonium riparium (Roth) Harvey 
Order: Bryopsidales 
 
  Family: Codiaceae 
    Codium extricatum P.C. Silva 
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Table 2 cont. 
 
    Codium lucasii subsp. capense P.C. Silva 
    Codium tenue (Kützing) Kützing 
    Codium duthieae P.C. Silva 
Family: Caulerpaceae  
    Caulerpa filiformis (Suhr) Hering 
 
  Family:  Derbesiaceae 
    Derbesia marina (Lyngbye) Solier 
    Derbesia hollenbergii W.R Taylor  
  Family: Bryopsidaceae 
    Bryopsis africana Areschoug 
Order: Ulotrichales: 
  Family: Gomontiaceae 
    Monostroma sp1. 
 
Division: Ochrophyta 
Order: Ectocarpales 
Family: Pylaiellaceae 
    Bachelotia antillarum (Grunow) Gerloff 
  Family: Ectocarpaceae 
 
    Ectocarpus fasciculatus Harvey 
    Ectocarpus siliculosus (Dillwyn) Lyngbye 
    Ectocarpus sp1. 
  Family: Chordariaceae 
    Stilophora flanaganii Kylin 
Order: Sphacelariales 
  Family: Sphacelariaceae 
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Table 2 cont. 
 
 
    Sphacelaria brachygonia Montagne 
    Sphacelaria sp1. 
Order: Dictyotales 
  Family: Dictyotaceae 
    Dictyota dichotoma (Hudson) J.V. Lamouroux 
Order: Scytosiphonales 
  Family: Scytosiphonaceae 
Endarachne binghamiae J. Agardh 
Iyengaria stellata (Børgesen) Børgesen 
    Colpomenia sinuosa (Mertens ex Roth) Derbès & Solier 
Division: Rhodophyta 
Order: Bangiales 
  Family: Bangiaceae  
    Porphyra capensis Kützing 
Order: Gelidiales 
  Family: Gelidiellaceae 
    Gelidium pristoides (Turner) Kützin 
Gelidium reptans (Suhr) Kylin 
Family: Gelidiellaceae 
Gelidiella sp1. 
Order: Gigartinales 
  Family: Caulacanthaceae 
Caulacanthus ustulatus (Mertens ex Turner) Kützing 
Family: Cytocloniaceae  
    Hypnea rosea Papenfuss 
Order: Ceramiales 
  Family: Ceramiaceae 
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Table 2 cont. 
 
 
    Centroceras clavulatum (C. Agardh) Montagne 
  Family: Delesseriaceae 
    Caloglossa leprieurii (Montagne) G. Martens 
  Family: Rhodomelaceae 
    Bostrychia intricata (Bory de Saint-Vincent) Montagne 
    Bostrychia moritziana (Sonder ex Kützing) J. Agardh 
    Bostrychia scorpioides (Hudson) Montagne 
Polysiphonia incompta Harvey 
    Polysiphonia kowiensis Stegenga, Bolton & R.J. Anderson 
    Polysiphonia tepida Hollenberg 
 
An unidentified red alga 
 
5.1 . Community composition and environmental conditions of estuaries 
Analysis of community composition contributes to the overall understanding of the role 
macroalge have in estuarine environments, if any. Here (Fig. 3), samples grouped into four 
communities presumably based on the similarity in conditions of estuaries. Sites along the 
permanently open Sundays estuary (the first quadrant) clustered together with mouth sites 
from neighbouring permanently open Bushmans and Kariega estuaries of this study to form 
community A – together with sites from the temporarily open/closed East Kleinemonde and 
Mpekweni estuaries. On the opposite end (in the fourth quadrant) of the ordination the  
 
Mngazana and Wavecrest (Ngqusi and Nxaxo) estuaries – which are mangrove estuaries that 
drain into one permanently open mouth - formed community C. Furthermore, there were 
community separations of estuaries along the Port Alfred coast into types; temporarily 
open/closed estuaries (hereafter TOCE’s) clustered together and permanently open estuaries. 
Community B estuaries were therefore those that had been temporarily closed during the 
study period and include the East Kleinemonde, West Kleinemonde, and the Mtati estuaries, 
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and community D primarily comprised the permanently open Kariega, Kowie and Bushmans 
estuaries – with the exception of sites from the temporarily open/closed Mpekweni estuary 
which also formed part of community D (Fig. 3).  
 
 
 
 
Figure 3: Detrended Correspondence Analysis of sites based on macroalgal taxa along the 
lengths of estuaries selected in the Eastern Cape. Sum of all Eigenvalues = 8.646; axis one = 
0.721 and axis two = 0.559. Sample (estuary and site) codes are listed in Legend 1 of 
Appendix B. 
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Figure 4 showed macroalgal communities associated with estuarine communities that formed. 
Along the coast of Port Elizabeth where community A species primarily of containing sites 
from the Sundays estuary grouped, macroalgae ranged from the resilient Coduim tenue, 
Caulerpa filiformis and Derbesia marina, to filamentous species Bostrychia scorpioides and 
species of the green Genera Rhizoclonium and Chaetomorpha. Algae in estuaries in and 
around the area of Port Alfred included filamentous species Ulva intestinalis, Ulva flexuosa, 
Cladophora glomerata and Ectocarpus siliculosus were associated with the TOCE’s of 
community B. Community D species consisted of quite robust algae such as Hypnea rosea, 
Iyengaria stellata, and species of the Genera Codium and Gelidium. Algae forms with simple 
morphologies like Sphacelaria brachygonia, Polysiphonia kowiensis, Chaetomorpha linum 
and Ulva compressa were some of the inhabitants of community D as well (Fig. 4). Furthest 
east  along the Eastern Cape (community C), green algae Bryopsis africana, Blidingia 
marginata, red species Bostrychia moritziana and brown filaments of Bachelotia antillarum 
were specifically associated with mangrove forest estuaries of the Transkei region. 
 
Estuarine systems in this study have briefly been described by macroalgal populations, but in 
order to gain a well rounded understanding of the observations made, elucidation of physico-
chemical data of individual estuaries was needed. The physico-chemical results of estuaries  
(Appendix A, Table 28) showed that along the Sundays estuary, there was a significant (p 
<0.001; n = 5) salinity gradient from the mouth to the head of the estuary from 27 psu to 2 
psu respectively, but temperatures remained between 21°C and 22°C  along the length of the 
estuary. Salinity along the Bushmans estuary was similar to that of the Kariega, in that it was 
marine (34 psu - 38 psu) throughout. Both the Kariega and Bushmans estuaries had been 
surveyed during summer (February 2009) and temperatures were approximately 22°C in the 
lower reaches, increasing to approximately 28°C in upper, sheltered reaches. A maximum of 
30°C was recorded in the middle estuary at a shallow site along the Kariega. Along the 
Kowie estuary salinity was marine (~ 33 psu) in the lower estuary to approximately 16 km 
from the mouth, then decreased significantly (p < 0.001; n= 5) to 13 psu in the upper estuary 
and an average temperature of 22°C had been recorded in the lower reaches but fluctuated 
around 26°C for the remaining 11 km of the estuary.  
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Figure 4: Detrended Correspondence Analysis of macroalgal species cover from five 
sampling sites along the lengths of eleven estuaries selected in the Eastern Cape. Sum of all 
Eigenvalues = 8.646; axis one = 0.721 and axis two = 0.559. Species codes are listed in 
Legend 1 of Appendix B.   
 
Salinities were generally lower in the East and West Kleinemonde estuaries compared to the 
nine other estuaries in this study. Significant differences in salinity (p < 0.001; n= 5) were 
found (Appendix A, Table 28) for the West Kleinemonde estuary; water became brackish (17 
psu) toward the estuary head. Additionally, significantly (p < 0.001; n= 5) lower water 
temperatures (14°C) was recorded in the West Kleinemonde compared to the other ten 
estuaries surveyed. Although the East Kleinemonde estuary is adjoined with the West 
Kleinemonde at the mouth, water column temperatures of the East Kleinemonde ranged 
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between 18°C in the lower reaches of the estuary and increased to approximately 20°C in the 
upper estuary.  Salinity along the East Kleinemonde estuary was ~ 23 psu throughout. For the 
Mpekweni estuary, salinity changed slightly, from 33 psu at the mouth to 35 psu toward the 
upper reaches. Mtati, the TOCE adjacent to the Mpekweni, showed a significant salinity 
gradient (p= 0.040; n= 5) along its length; salinity decreased from 30 psu in the lower estuary 
to approximately 20 psu in the middle reaches and became fresh (1 psu) in the upper estuary. 
Water temperatures in the Mpekweni and Mtati were similar at about 20°C throughout.  
 
In the Transkei where  mangrove estuaries of the Wavecrest Resort were surveyed,  salinities 
were approximately 35 psu throughout Ngqusi and ranged from 32 psu in the lower estuary to 
27 psu in its upper reaches for Nxaxo and  water column temperatures were low; 
approximately 17°C throughout. Mngazana, showed a decrease in salinity from 28 psu at the 
mouth and lower estuary to 15 psu in the upper reaches. Also, Mngazana salinity and 
temperature values were inversely proportional to each other; salinity increased while water 
temperatures decreased from the mouth to the upper estuary (Appendix A, Table 28). Water 
column temperatures at sites close to the mouth were between 21°C and 22°C and increased 
to 26°C in the upper Mngazana estuary.  
 
Statistically, water depth and turbidity did not change significantly between reaches within 
individual estuaries, except in the Sundays and Mngazana estuaries where there were marked 
differences in water depth and turbidity in relation to the distance up estuary reaches; 
estuaries water transparencies (Sundays: p = 0.019, n = 5; Mngazana: p = 0.004, n = 5) and 
water depths (Sundays: p = 0.041, n = 5; Mngazana: p = 0.011, n = 5) were significantly 
different between reaches. The remaining estuaries were generally between 2 m and 3 m deep 
except for the Sundays and Mngazana estuaries where the channel reached 4.6 m and 4.5 m 
deep at sites, respectively. Secchi depths corresponded with water depth; water clarity was 
restricted to between 0.5 m and 1.5 m of an estuary depending on the depth of a particular 
estuary.  
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In figure 5, Canonical Correspondence Analysis (CCA) of estuaries and environmental 
variables showed temperature and longitude lie at right angles to each other revealing both a 
bio-geographic and a seasonal effect. Constrained ordination analysis without temperature 
but with longitude was thus used and communities were described biogeographically and by 
salinity. Four gradients caused by salinity were therefore found – which appear to be 
inversely correlated to water clarity. Sites in the top right half of the ordination were 
associated with estuaries that had exhibited brackish salinities throughout reaches in 
relatively clear and shallow water; it was evident that the TOCE’s of community B were 
characteristic of the aforementioned conditions. Estuaries on the southern end of CCA 
ordination axis one reached water depths of between 2 m and 3 m were murkier and had high 
salinities to the upper reaches of estuaries in community’s B and D. Furthermore, estuaries 
geographically on opposite ends of the coast in this research - that is the Sundays and 
Mngazana estuaries - showed similar water clarity and depth patterns. Compared with 
adjoining estuaries, turbidity for the Sundays estuary was high and water transparency 
extended to no more than 1 m of the total water depth while neighbouring estuaries along that 
stretch of coastline were considerably less turbid and even clear to the estuary floor. The 
clarity of water at Mngazana showed a similar pattern; secchi depth was measured at 1m 
while in the Ngqusi and Nxaxo estuaries secchi depth was measured at an average of 1.5 m. 
Both the Sundays and Mngazana water channels were the deepest at approximately 4.5 m 
compared to adjacent estuaries which had an average water depth of 2 m (Appendix A, Table 
28).  
 
Within each estuarine community and major type of estuary there was - as had been 
described - a range of environmental conditions. However, the macroalgae within each 
community may not have been colonists of or found in greatest abundances in the estuaries of 
these communities per ser, but may have grouped together in this manner based on the 
optimum growing conditions for them (Fig. 17). Macroalgal species in the top half of the 
ordination then are those species considered real estuarine algae driven primarily by secchi 
depth. The majority of species in the bottom half of the ordination are marine species which 
also occur in estuary mouths, strongly influenced by water salinity values and the geographic 
position along the coast. 
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Figure 5: Canonical Correspondence Analysis of estuary sites based on macroalgal taxa and 
the environmental variables within each of the eleven estuaries selected along the Eastern 
Cape coast. Sum of all Eigenvalues = 8.646; axis one = 0.397 and axis two = 0.267. Sample 
codes are listed in Legend 1 of Appendix B.   
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It was seen that macroalgae of community A were exposed to a gradient of environmental 
conditions and were largely filamentous species such as R. lubricum and R. riparium, 
Bostrychia scorpioides, as well as a species of the Genus Chaetomorpha but also included the 
more robust macroalgae Caulerpa filiformis and Endarachne binghamiae which may be 
tolerant of a range of salinities from freshwater to marine, varying turbidity’s and/or 
fluctuating water depths. 
 
Temporarily open/closed community B estuaries had environments where brackish water 
salinities that were relatively shallow and clear were the main determinants of macroalgae 
within the community. In this community filamentous species from all three taxa, namely, 
green (U. intestinalis, U. flexuosa, Cladophora glomerata), brown (Ectocarpus siliculosus) 
and red (Polysiphonia tepida) macroalgae showed a particular preference for low turbidity 
water. Within community D, the permanently open Bushmans, Kowie, Kariega estuaries and 
temporarily closed Mpekweni estuary exhibited similar, high salinity ranges; all estuaries in 
this community had marine salinities to its upper reaches. It was noticed that there were no 
clear distinguishes between marine and estuarine algae in this community; both 
characteristically marine seaweed species and estuarine algae grew together in all parts of 
estuaries of this community, emphasizing algal tolerance to high water salinity levels. 
Finally, the estuaries of community D comprised macroalgae of a variety of forms and were 
those species which are assumed to be associated because of their position along the 
coastline, and so the bio-geographic ranges of this community along with the associated 
mangrove estuarine environmental gradients are the driving conditions of the algae here (Fig. 
17).    
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5.2. Macroalgal diversity, distribution and species richness  
 
5.2.1. Macroalgal groups 
Macroalgae had been characterised into groups in order to determine any specific distribution 
patterns along the length of an estuary, in addition to seeing if different algae groups 
dominated within a particular type of estuary. In this study, green, red and brown macroalgae 
occurred from the mouth to the head of estuaries in variable abundances. Generally, 
Chlorophytes were distributed in all reaches, while Rhodophytes inhabited the middle to 
upper reaches of estuaries (Fig. 6 – Fig.16) - except for the Kowie estuary  where algae were 
significantly (p < 0.001; n= 4) more abundant (~70% cover) in the lower reaches (Fig. 9). 
Chlorophytes were significantly higher in abundance than Rhodophytes and Ochrophytes in 
the Bushmans (p <0.001; n =4) and Mtati (p < 0.001; n= 4) estuaries (Fig. 7 and Fig. 13 
respectively).  
 
Ochrophytes showed patchy distributions between reaches of estuaries and abundances 
within estuaries were low. In the East Kleinemonde estuary however, Ochrophytes were 
abundant at sites around the mouth and middle reaches, but absent from sites close to the 
estuary head (Fig. 11). No significant relationships existed between algae groups and reaches 
in the Sundays (Fig. 6), West Kleinemonde (Fig. 10), Mpekweni (Fig. 12) and Wavecrest 
Resort (Fig. 14 and 15) estuaries (p > 0.05; n= 4); Chlorophytes, Ochrophytes and 
Rhodophytes were distributed in variable and insignificant abundances along the length of 
these respective estuaries. 
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Figure 6: Differences in the relative macroalgal abundances of Chlorophytes, Ochrophytes 
and Rhodophytes from five sites selected along the Sundays estuary. 
 
 
Figure 7: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Bushmans estuary. 
 
 
Figure 8: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Kariega estuary. 
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Figure 9: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Kowie estuary. 
 
 
Figure 10: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the West Kleinemonde estuary. 
 
 
Figure 11: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the East Kleinemonde estuary. 
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Figure 12: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Mpekweni estuary. 
 
 
Figure 13: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Mtati estuary.  
 
 
Figure 14: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Nxaxo estuary. 
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Figure 15: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Ngqusi estuary. 
 
 
 
Figure 16: Differences in the relative macroalgal abundances of Chlorophyes, Ochrophytes 
and Rhodophytes from five sites selected along the Mngazana estuary. 
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Figure 17: Canonical Correspondence Analysis of macroalgal species cover and 
environmental variables within each of the eleven estuaries selected along the Eastern Cape 
coat. Sum of all Eigenvalues = 8.646; axis one = 0.397 and axis two = 0.267. Species codes 
are listed in Legend 1 of Appendix B.  
   
 
5.2.2   Species distribution 
Community composition and algae groups provided insight into distribution patterns, but 
clearer and more distinct patterns of distribution immerged from macroalgae species within 
an estuary, and subsequently along the Eastern Cape coast. For this study, species from the 
Genus Polysiphonia namely, P. kowiensis and P. incompta were the most widely distributed; 
recorded at highest abundance (70%) in the middle reaches of the Kowie (Fig. 21) and 
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occurred throughout the Kariega estuary. The species was replaced by P. incompta (Plate. 10) 
in the West and East Kleinemonde estuaries (Fig. 22 and 23) but P. kowiensis re-appeared in 
the temporarily open/closed Mpekweni estuary (Fig. 24) in high abundances up the Transkei 
coast to the middle reaches of the Mngazana estuary (Fig. 28). Polysiphonia incompta was 
also prominent (i.e. occurred in high abundances) in the Sundays (50%), Nxaxo (up to 50%), 
Ngqusi (35%) and Mngazana (20%) estuaries but was absent from the Kowie and Kariega, as 
well as the Mpekweni and Mtati estuaries.  
 
 
 
Figure 18: The abundance and distribution of macroalgal species at five sites selected along 
the Sundays estuary. 
 
 
Figure 19: The abundance and distribution of macroalgal species at five sites selected along 
the Bushmans estuary. 
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Figure 20: The abundance and distribution of macroalgal species at five sites selected along 
the Kariega estuary. 
 
 
Figure 21: The abundance and distribution of macroalgal species at five sites selected along 
the Kowie estuary. 
 
The most frequent and widely distributed green alga Codium tenue (Plate. 10) occurred in 24 
out of 55 study sites of the eleven sampled estuaries. The species was absent from the 
Sundays, Kowie and West Kleinemonde but was highly abundant in the Bushmans (Fig. 19, 
East Kleinemonde (Fig. 23) to Mtati (Fig. 25) estuaries. C. tenue colonised the mangrove 
estuaries at Wavecrest but in very low abundances and was completely absent from 
Mngazana at the time of sampling. Chaetomorpha linum and two species of the Ulva Genus, 
namely U. prolifera and U. flexuosa were other frequently occurring green algae (Plate. 10). 
C. linum was present from the Sundays estuary in Port Elizabeth to the permanently open 
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Kowie and temporarily open/closed Mpekweni estuaries in the Ciskei region, but was most 
prominent in the mangrove estuaries of Ngqusi and Nxaxo. 
 
U. flexuosa and U. prolifera occurred together in estuaries around Port Elizabeth and Port 
Alfred but U. flexuosa distribution stopped in the TOCE of Mtati but U. prolifera distribution 
extended to the Transkei - in the mouth and lower reaches of Wavecrest and Mngazana 
reaching 40% abundance at the estuary head. 
 
Although brown algae were generally sparse in the Eastern Cape estuaries of this study, of 
the species encountered, Ectocarpus siliculosus and Dictyota dichotoma were most 
frequently recorded (Plate. 10g and h); the two species occurred in 13 out of 55 sites each. 
Ectocarpus siliculosus colonised in the Sundays estuary, but was most abundant in the West 
Kleinemonde estuary. High abundances of the species were also recorded in the middle 
Ngqusi estuary. The species was distributed along the whole East Kleinemonde estuary but in 
low (4%) abundances. Dictyota dichotoma was distributed throughout the Bushmans, 
Kariega and East Kleinemonde estuaries and although low abundances were recorded, its 
distribution was extended to the middle reaches of the Nxaxo estuary in the Transkei. 
 
 
 
Figure 22: The abundance and distribution of macroalgal species at five sites selected along 
the West Kleinemonde estuary. 
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Figure 23: The abundance and distribution of macroalgal species at five sites selected along 
the East Kleinemonde estuary. 
 
 
 
Figure 24: The abundance and distribution of macroalgal species at five sites selected along 
the Mpekweni estuary.  
 
Though not widespread, several other relatively abundant species were made reference to. 
Attached to grasses, Ulva compressa was found at the mouth and lower reaches of the 
Sundays estuary while Ulva lactuca was found in the Kowie estuary. Ulva rigida occurred in 
the lower Mpekweni estuary in 40% abundance and the filamentous species Ulva intestinalis, 
covered 35% of the total area in the East Kleinemonde. Other filamentous algae from the 
Genus Bostrychia namely B. intricata and B. moritiana grew on boat jetties in the Bushmans 
estuary and Bostrychia scorpoiodes occurred in the lower Kariega estuary at 30% cover. 
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Rhizoclonium riparium and Rhizoclonium lubricum were collected from rock substrata along 
the middle and upper reaches of the Kariega and Kowie estuaries in up to 40% cover. Of the 
five species identified from West Kleinemonde, Cladophora glomerata occupied the lower 
estuary as well as sites along the upper reaches of the estuary. Polysiphonia tepida occurred 
along the whole West Kleinemonde but was relatively more abundant (65%) in the middle 
reaches.  A brown species, Sphacelaria brachygonia, covered 15% of the middle reaches of 
the East Kleinemonde estuary and occupied 35% of the middle and 45% in the upper reaches 
of the Mpekweni. Bachelotia antillarum was found covering approximately 30% of the study 
area at sites in the Nxaxo where the species grew on mangrove stems. Centroceras 
clavulatum, found at ~ 20% cover along the lower and middle Kowie estuary, grew among 
saltmarsh vegetation. Blidingia marginata occurred in the moist sediments in the lower and 
upper Bushmans and Mngazana estuaries. At Mngazana, the species covered 50% of the area 
in the upper reaches of the estuary (Fig. 28).  
  
Marine seaweeds such as Bryopsis africana, Gelidium pristoides, Gelidium reptans, Hypnea 
rosea, Porphyra capensis and Endarachne binghamiae colonised bouys and jetties in the 
Sundays, Bushmans and Kowie estuaries, where they grew in single tufts (2-5 cm in 
diameter).  Ulva linza was found in the Bushmans estuary, but was most abundant in the 
upper reaches of Nxaxo. A red alga of the Genus Gelidiella and Caulacanthus ustulatus were 
recorded from the Mngazana and Mpekweni estuaries respectively. 
 
Some algae that were also recorded, but which occurred in only one estuary and at very low 
to negligible (< 3%) abundances were Codium lucasii subsp. capense, Derbesia hollenbergii 
and Ectocarpus fasciculatus from the Bushmans estuary and an unidentified red species from 
Nxaxo. Derbesia marina and Iyengaria stellata occurred at 5% abundance in the Sundays 
and Bushmans estuaries respectively. Chaetomorpha capillaris and Codium extricatum also 
occurred solely in the Bushmans estuary but at slightly higher (10%) abundances. Two 
interesting algae that were encounter in this research was a brown species, Stilophora 
flanaganii, found in the lower Mpekweni estuary, clumped together in a sheltered area and a 
green species of the Genus Monostroma which was collected from the lower reaches of the 
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Nxaxo estuary - the alga grew on tree bark in a shaded intertidal area, partially covered by 
sand. 
 
Figure 25: The abundance and distribution of macroalgal species at five sites selected along 
the Mtati estuary. 
 
 
Figure 26: The abundance and distribution of macroalgal species at five sites selected along 
the Nxaxo estuary. 
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Figure 27: The abundance and distribution of macroalgal species at five sites selected along 
the Ngqusi estuary. 
 
 
Figure 28: The abundance and distribution of macroalgal species at five sites selected along 
the Mngazana estuary. 
 
 
5.2.2. Species richness 
Overall, the Bushmans estuary (29 species) had significantly more macroalgae (p < 0.005; n= 
11), compared with the Sundays (11 species), Kariega (10 species), Kowie (10 species), West 
Kleinemonde (5 species), East Kleinemonde (15 species), Mpekweni (9 species), Mtati (4 
species), Ngqusi (12 species) and Mngazana (15 species) estuaries respectively. There were 
no significant differences in species richness (p= 0.216; n= 11) of the Bushmans and Nxaxo 
(17 species) estuaries (Fig. 29); the difference in the number of species between Nxaxo and 
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Bushmans was not great enough to be considerable. There were also no significant 
differences in species richness between the remaining estuaries (p > 0.05; n= 11). Salinity (p= 
0.029861; n= 49) and temperature (p= 0.037641; n= 49) were the driving environmental 
parameters of individual estuaries and significantly influenced richness of species (Fig. 29).   
 
 
 
 
Figure 29: Macroalgal species richness for 11 Eastern Cape estuaries. Significant differences 
are shown by letters A and B.; bars designated with the letter B are significantly different 
from bars designated with the letter A, B-bars are not significantly different from each other 
nor are A-bars significantly different from each other. 
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Plate 10: Examples of common macroalgae in Eastern Cape estuaries. a. Epiphytic growth of Polysiphonia kowiensis Stegenga, Bolton & R.J. Anderson 
filaments made up of 6 corticated pericentral cells on Phragmites stems in the Kowie estuary; b. A tuft of Polysiphonia incompta Harvey from the Nxaxo 
estuary. Segments of Polysiphonia incompta made up of 4 uncorticated pericentral cells; c. Codium tenue (Kützing) Kützing in the Mtati estuary; d. 
Chaetomorpha linum (O.F. Müller) Kützing in the Nxaxo estuary; e. Ulva flexuosa Linnaeus between Sarcocornia perennis (Mill.) A.J. Scott saltmarsh; f. 
Ulva prolifera Linnaeus on tree branches in the Ngqusi estuary; g. A mat of Ectocarpus siliculosus (Dillwyn) Lyngbye approximately 50 cm in diameter 
and 10 cm deep between Phragmites australis (Cav.) Trin. ex Steud. reeds at the Sundays estuary and; h. Dictyota dichotoma (Hudson) J.V. Lamouroux 
from the Bushmans estuary. 
a  
 
 
b 
a 
c d
e f  g h
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6. Discussion 
6.1. Community composition and environmental conditions of estuaries 
The objectives of this research were essentially to document and provide a listing of 
macroalgae from estuaries by describing the estuarine communities, habitats and the 
distributions of positively identified macroalgae in selected estuaries along the Eastern Cape 
coastline. These were achieved by firstly, describing the macroalgal assemblages of estuaries 
and the conditions that favour algal occurrence and growth, and then investigating the 
composition, abundance and diversity of flora from similar estuaries. When investigating 
ordination analyses, patterns of bio geographic distribution were noticeable. Multivariate 
analyses showed that longitude - a measure of biogeography – brought about the distribution 
of sites primarily belonging to the Sundays estuary, which lies furthest west along the Eastern 
Cape coast in Port Elizabeth, to clump together in community A and estuaries from 
community C in the Transkei region of the Eastern Cape – the mangrove estuaries of this 
study - were associated with each other.  Moreover, a clear split between TOCE’s and the 
permanently open estuaries that were located along the Port Alfred coastline (community B 
and community D, respectively) was observed. This may therefore indicate that ordination 
axis 1 separated samples biogeographically and axis 2 separated samples according to the 
type of estuary (Fig. 3).  
 
By further investigation into possible reasons estuaries grouped together the way they did, the 
following was observed. Within community A (Fig. 3), a gradient of conditions was detected; 
salinity ranged from approximately 30 psu at sites around estuaries open mouth and lower 
reaches to 2 psu in the upper estuary, sites around the mouth were all around 2 m deep and 
water transparency was clear to the bottom, but this changed further upstream where water 
depths rose to 4.6 m at the head of the Sundays estuary and water turbidity increased to less 
than 1 m transparency (Appendix A, Table 28). According to Taljaard et al. (2008), lower 
water clarity in the middle and upper reaches of the Sundays estuary may occur as a result of 
higher in situ microalgal biomass, brought about by anthropogenic nutrient enrichment. In 
2011, Kotsedi found similar patterns in investigations in the Sundays estuary where a 
significant salinity gradient was observed from the mouth to the head, along with a change in 
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water transparency as a result of increased phytoplankton in the middle to upper reaches - 
brought on by nutrients discharged in the water column from the Sundays catchment.    
 
The Sundays catchment receives its water from the Orange River transfer scheme (Whitfield 
and Paterson, 1995) which supplies Port Elizabeth and surrounding areas with freshwater. 
The fact that the Sundays, Bushmans, Kowie and Kariega estuary mouths remain open could 
be due to strong tidal flow entering these estuaries at the mouth. The low flowing (0.4 – 1 m3 
s-1), but regular input of freshwater (Kotsedi, 2011) from the Orange River transfer scheme 
(Adams and Wooldridge, 1996) and the continuous input from agricultural return flow 
(Kotsedi, 2011) at the head of the Sundays estuary, which results in an elevated base flow, 
provided support for the change in salinity and water depths of community A upstream of this 
study – findings which were synonymous with Kotsedi’s 2011 results of significant changes 
in salinity and depth with distance from the mouth of the estuary. Human’s (2009) research 
also uncovered a gradient of conditions along the Sundays estuary and proposed that the 
salinity profile specifically – which was recorded around 30 psu in the lower estuary, 
between 30 – 10 psu in middle reaches and 15 – 0 psu in upper reaches - suggested a well 
mixed system. 
 
Estuaries that grouped together in community B were temporarily open/closed estuaries along 
Port Alfred and included the East and West Kleinemonde estuaries, as well as the Mtati 
estuary. The mouth of these estuaries is frequently closed (Harrison et al., 1997; Whitfield, 
2003; Whitfield et al., 2008; James et al., 2008; Taljaard et al., 2009b) and depending on the 
duration of this period water depths within estuaries may rise to around 2 m or more above 
mean sea level (Allan and Froneman, 2008; Whitfield et al., 2008; Taljaard et al., 2009a). It 
was found that community B estuary water depths were indeed 2 m deep, and had brackish 
water salinities ranging between 9 psu and 25 psu, but the main driver of the grouping was 
water clarity (Fig. 5) which was generally high (more than 1.5 m) in mouth sites and 
decreased to an extent, upstream. This coincided with physico-chemical analysis of Human 
(2009) where water transparency in East Kleinemonde was high in the mouth and lower 
reaches but slightly more turbid in the middle estuary reaches. Human deduced that winds 
blowing on surface waters generated small waves which brought sediment from the estuary 
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floor up into the water column, as the probable cause of high turbidity in the middle reaches 
while sand banks on either side of the estuary mouth shelter that area; the conditions along 
the Mtati estuary were found to be similar. According to Bornman and Klages (2004), 
westerly winds do in fact blow frequently in the Port Alfred region, influenced by seasonal 
circulation regimes.  
 
It would be expected, because estuaries were closed for approximately 2 years at the time of 
data collection and since catchments (East Kleinemonde, 46.3 km2; West Kleinemonde, 93.7 
km2; Mtati, 130 km2) were “medium” in size (Vorwerk, 2000; Riddin and Adams, 2009), 
salinities would be high due to evaporation of surface waters and limited fresh water entering 
from the upper estuary reaches.   This was not the case for Kleinemonde and Mtati of this 
study. Brackish water salinities in the current study could be attributed to the fact that 
freshwater from upper catchment areas diluted water at the time of sampling. Aside from 
small farm dams, freshwater inflow into the Mtati estuary is not highly impeded at the head 
as noted by Vorwerk, (2000) and similar deductions could be made for Kleinemonde 
estuaries based on Human’s (2009) description of the area, stating low residential 
developments in the upper reaches of estuaries and therefore less freshwater abstraction. 
These findings may tie in with Van Niekerk et al. (2008), who noted large variation in 
environmental conditions of TOCE’s environmental conditions that can occur, particularly 
salinity, as it may be driven by freshwater inflow – conditions which change rapidly and at 
unpredictable frequencies (Riddin and Adams, 2009). 
 
The Mpekweni estuary, which was also characterized by Vorwerk (2000) as an estuary with a 
“medium” sized catchment (65 km2) and would have been subjected to similar rates of 
evaporation as other TOCE’s in the region, had marine salinities throughout its reaches 
(Appendix A, Table 28). In Human’s (2009) study, water salinities for temporarily 
open/closed estuaries (East Kleinemonde, Mpekweni, and Mtati) ranged between 26 psu and 
32 psu. Snow and Taljaard (2007) noted that high salinity conditions in TOCE’s such as those 
in the Ciskei region in some instances are resultant of seawater overtopping and reduced river 
inflow, causing the system to gradually become more saline, even hypersaline under closed 
conditions. The temporarily open/closed Mpekweni estuary therefore formed part of 
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community D (Fig. 5), along with permanently open Bushmans, Kariega and Kowie estuaries 
which were distinctly driven by high salinities (32 - 37 psu), very turbid water (0.5 – 0.9 m 
transparency) that was generally between 2.5 m and 3.5 m deep. 
 
According to Jafta (2010) the Bushmsans estuary is dominated by marine water and has a 
tidal effect that reaches as far as 40 km upstream. It was suggested that freshwater abstraction 
by a number of dams and roughly 30 weirs, as well as the occurrence of a number of 
impoundments has dramatically reduced river flow (less than 0.02 m3.s-1, since 2006), 
making salinity levels unusually high (Jafta, 2010) and it has been found by Borman and 
Klages (2004) that long-term reductions in freshwater have changed the Bushmans to a 
homogeneous marine system.  Heyns and Froneman (2010) made reference to a series of 
authors who classified the Kariega estuary as a freshwater deprived system brought on by low 
freshwater discharge into the estuary. This low freshwater inflow may also be due to several 
impoundments alongside the Kariega River resulting in hypersaline conditions (more than 40 
psu) of the estuary persisting to the upper reaches (Froneman, 2000). The Kowie estuary 
similarly has a high marine influence to its upper reaches, with a marina linked to the estuary 
at the mouth that covers an area of 45 ha; consisting of a series of residential islands 
separated by artificial channels (Forbes, 1998).   
 
High salinities for the estuaries of community D could be attributed to the strong influence of 
marine water entering the mouth of estuaries which extend far up estuary reaches, the 
restriction of fresh water at estuary head regions and/or overtopping of marine waters in 
TOCE’s. The high turbidity within estuaries of this community group may have been related 
to sediment deposition, re-suspension due to boating activities within estuaries and rainfall 
events. Heavy rain in Port Alfred caused high levels of turbidity on the day of sampling the 
Kowie estuary. Forbes (1998) noted that such a rain event or flooding may cause turbidity 
levels to remain high for two to four weeks after, in the estuary. By examination of particle 
size in the Bushmans estuary, Jafta (2010) confirmed that the composition of benthic 
sediment in the estuary was predominantly silt deposited from disturbed land around the 
catchment, and was the cause of low water transparency of the estuary. Furthermore, it was 
found that boating activities have the potential to re-suspend sediment (Hooker, 1996); 
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recreational activities such as this had been observed in all estuaries in this grouping, and thus 
justify low water transparency in the Kariega and Mpekweni estuaries. 
 
Mangrove forest habitats are unique because mangrove trees are able to occupy and thrive in 
estuarine environments (Macnae, 1963; Adams et al., 2004; Kon et al., 2009) making them 
tolerant of harsh physical and chemical conditions such as tidal inundation, varying salinities 
(0 to 50 psu) and anaerobic sediments (–100 to 100 mV) to name a few (Steinke et al., 2003; 
Rajkaran et al., 2009). In this study, the permanently open mangrove estuaries differed in 
their sizes, environmental conditions and mangrove stand densities – all of which have been 
shown to influence macroalgal diversity and distributions (Granek and Ruttenberg, 2008). 
Wavecrest mangrove trees were concentrated along the banks of the estuary with a steep 
intertidal zone and limited space for vegetation development, as much of the area essentially 
is exposed to high light intensities which result in high rates of desiccation through the 
evaporation of water from sediments. Wavecrest estuaries had relatively shallow, brackish 
water salinities of low transparency throughout reaches. Mngazana on the other hand has a 
dense mangrove forest providing optimum environmental conditions - low light, high 
humidity, clay sediments that hold water during low tide and sufficient nutrients through litter 
decomposition - for growth and development under the dense forest canopy (Lambert et al., 
1987; Steinke and Naidoo, 1990; Phillips et al., 1994).  
 
Mngazana estuarine conditions contrasted with Ngqusi and Nxaxo as this estuary was clearer 
(to depths of approximately 1 m), deeper (~5 m) and had a gradient of salinities from 
brackish (14 psu) water at the head of the estuary to more marine (31 psu) conditions at the 
mouth. Conditions such as those sited by the aforementioned authors and others (Steinke, 
1999; Harrison et al., 2000) as well as conditions observed in this study demonstrate the 
variable physical environments estuaries of this kind have. It was also clear from this, that 
mangrove estuary position along the South African coast, that is, longitude, was the main 
vector grouping estuaries in community C which were found associated with each other in 
ordination analyses (Fig. 5); all three estuaries occurred in the Transkei region of the Eastern 
Cape. According to Kathiresan and Bingham (2001), mangrove forests can only occur 
between tropical and subtropical latitudes. Ward and Steinke (1982) found South African 
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mangrove forests in the warm temperate and subtropical regions of the coastline. It is seen 
then that although these types of estuaries may have comparable, highly variable physical and 
chemical environmental traits as non-mangrove dominated estuaries do, these estuaries 
remain unique biogeographically. 
 
6.2. Macroalgal diversity, distribution and species richness 
Although it was apparent individual estuaries were governed by specific environmental 
parameters which helped describe the conditions responsible for estuary community 
groupings observed, understanding the importance of these variables and its potential linkage 
to macroalgae assemblages are required as it will undoubtedly contribute to the understanding 
of the associations of macroalgal communities within such systems, and provide invaluable 
information of estuarine systems as a whole (Martins et al., 2001; Biber and Irlandi, 2006). 
Corresponding with estuarine communities which formed, it may therefore be assumed that 
four macroalgal communities grouped together most likely as a result of the conditions in 
estuaries (Fig. 4). According to Adams et al. (1992) and the results of this work, it is evident 
estuaries may reveal a wide range of environmental conditions, particularly salinity, and 
because of this macroalgae have the ability to colonize the whole estuary. Wilkinson et al. 
(2007) also noted salinity as a major factor determining macroalgal species occurrence and 
distribution in European and American estuaries and made a note of the fact that these 
different salinity patterns in essence presented different habitats which algae adapt to. 
Additionally, a combination of salinity and temperature in Martins et al. (2001) research also 
inferred trends of macroalgal species distribution within estuarine systems. The results of this 
research have shown salinity and temperature as determining factors that have influenced 
species richness in individual estuaries, and salinity - for the most part - as the driving 
environmental vector of species occurrences along the Eastern Cape. Furthermore, although 
seasonal temperature changes have the ability to influence algal occurrence, salinity has been 
regarded as a more significant driving factor for algae in estuarine environments (Melville 
and Pulkownik, 2007; Oberg, 2006) - as demonstrated in the findings of these analyses as 
well.   
 
 
 
 
 
 
70
For the macroalgae of community A (Fig. 17), it was observed that Chlorophyte species 
Rhizoclonium lubricum and R. riparium occurred free floating with Bostrychia scorpoiodes 
(which had become detached from its substrate) in the middle to upper reaches of estuaries 
where abundances varied between 5% and 20% on the water’s surface. The more 
morphologically complex algae Endarachne binghamiae, Caulerpa filiformis, and Codium 
tenue were found close to estuary mouth sites and Derbesia marina and species of 
Chaetomorpha occurred between the middle and lower reaches of estuaries. Clearer 
distinctions in macroalgae and their distributions were however observed within individual 
estuaries. In the Sundays estuary for example, a definite pattern of algal distribution was 
noticed and it was seen that macroalgae occurred based on their position within the estuary 
(Fig. 18) - influenced chiefly by the amount of freshwater entering from the estuary head - 
through changes in water salinity. The brown species Endarachne binghamiae and green 
Ulva compressa and Ulva linza were found close to the mouth of the estuary where salinities 
were high (27 psu), temperatures warm (21°C) and water was clear to 0.8 m. Each species 
contributed 10% abundance to the total cover area (Fig. 18). Derbesia marina, 
Chaetomorpha linum, and species of the Genus Polysiphonia namely, P. incompta, P. tepida 
along with Ectocarpus siliculosus occurred between the lower to middle reach of the estuary. 
In the upper reaches, species such as Ulva prolifera, Ulva flexuosa and Ectocarpus 
siliculosus were encountered. Here algae grew in fresh (2 psu), low turbidity (1 m secchi 
depth) water that reached temperatures of approximately 22°C. Authors (Wilkinson et al., 
2007; Krause-Jensen et al., 2007) have detected changes in algae form in response to 
increased freshwater input into an estuary and so, a variation in salinity in an upstream 
direction from a mixture of both perennial and simple structures near the mouth to only 
simple opportunist and mat-forming types as one navigates up estuary reaches . It could be 
said then, the influence of freshwater from the Sundays estuary head brought about changes 
in water salinity and transparency, but water temperatures remained fairly constant and a shift 
in macroalgal species along the estuary length from more robust and hardy forms at the 
mouth to simpler algal arrangements in the estuary’s upper reach was observed.  
 
According to Wilkinson et al. (2007), estuaries or more specifically for their study, river-
dominating estuaries, showed considerable reductions in the diversity as well as species 
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richness from the mouth to the head of an estuary which they said was due to the selective 
decrease, firstly of red, then of brown algae. In the upper reaches of the estuary they also 
noted a natural increase in the dominance of green algae, together with blue-green and golden 
brown algae. It is seen too that Chloropytes penetrate throughout an estuary although species 
richness may decrease upstream (Wilkinson et al., 2007). Martins et al., 2001 findings 
showed that green macroalgal growth was largely dependent on the amount of freshwater 
entering a system.  It may be said then that more saline waters harbour more perennial algae 
and fewer filamentous and opportunistic green species colonise the lower half of an estuary 
but an increase or shift in dominance to Chlorophytes is observed upstream where freshwater 
enters. These findings reiterate the conclusions of Wilkinson et al., (2007) and Martins et al., 
(2007) as well as provide just cause for the patterns of algal distribution in the Sundays 
estuary for this research. Furthermore, the abundance (Fig. 18) and richness (Fig. 29) of 
species collected and described for the Sundays estuary may have been attributed to the 
estuary’s narrow intertidal zone and limited space for salt marshes to grow and as a 
consequence, limited area and insufficient attachment points for algal growth (Riddin and 
Adams, 2008). From this it was seen that although the occurrence of macroalgae in 
community A showed a pattern of distribution based on water salinity, the influence of the 
physical environment on macroalgal occurrence and distribution was emphasized within 
individual estuaries as described from the Sundays estuary.  
 
The macroalgae inhabiting estuaries in Port Alfred included an assortment of species, and 
grew abundantly in both the permanently open estuaries as well as the temporarily 
open/closed estuaries along that part of coastline. The high fluctuations in the physical 
environments of small estuaries like the East Kleinemonde, West Kleinemonde and Mtati, 
caused these habitats to be influenced mainly by its physical variables (Riddin and Adams, 
2008) and macroalgal species associated with TOCE’s in community B (Fig. 4), were all 
filamentous algae forms primarily of the genera Ulva and Polysiphonia and closely 
associated species of Cladophora and Sphacelaria. Filamentous species such as these are 
common to Eastern Cape temporarily open/closed estuarine environments and are regarded as 
the real estuarine species (Adams et al., 1999; Riddin and Adams, 2008) that tend to flourish 
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during the closed mouth phase as they are able to tolerate the described environmental 
conditions TOCE’s have been particularly exposed to.  
 
The Mtati system could be considered as natural with very little notable nutrient input from 
surrounding developments which, according to authors (Peckol and Rivers, 1995; Valiela et 
al., 1997; Fong et al., 1998; Nedwell et al., 2002; Karez et al., 2004), suggest the presence of 
filamentous opportunists particularly as indicators of estuarine disturbance through excess 
nutrient input into the system. As a whole, the Mtati estuary was considered unaffected by 
human activities. Vorwerk in 2000 noted low anthropogenic impacts in the Mtati estuary and 
more recently Human (2009) recognised the development of a road bridge approximately 300 
m from the estuary mouth and some residential development on its east bank as the only 
major anthropogenic influences along the estuary. Algal cover in the West Kleinemonde and 
Mtati estuaries were very sparse (Fig. 22 and 25) and were found to be the least species rich 
of all estuaries (Fig. 29). It should however be pointed out that due to the natural features of 
small temporarily open/closed estuaries, they may be more vulnerable to environmental 
stress. This was observed in the East and West Kleinemonde, which contrary to the Mtati, 
had more activity along its banks; bringing about pollution of the water. Additionally, sewage 
waters from surrounding houses along the East Kleinemonde drain into the estuary (Human, 
2009). The West Kleinemonde estuary had a steep intertidal face, allowing very little space 
for algae to grow. The few species that were uncovered occurred throughout estuary reaches. 
In this estuary only filamentous algae were found (Fig. 22), of which very small samples 
could be collected.  
 
In Riddin and Adams 2008 research, East Kleinemonde macroalgal cover was positively 
correlated to water depth and they found algal abundance to be highest during the closed 
mouth phase of the estuary. Macroalgae also occurred mainly in areas of inundated intertidal 
saltmarsh, which provided points of attachment, findings which coincided with conclusions 
by overseas authors (Nedwell et al., 2002; Martins et al., 2007) as well, who emphasized the 
need for macroalgae to have sufficient points of attachment for their occurrence and growth. 
The algae of East Kleinemonde also colonized areas among inundated, rooted estuarine 
vegetation, although water depth was not the significant factor determining the presence of 
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algae in this research. Species consisted mostly of filamentous types and red algae such as 
Bostrychia moritziana and Polysiphonia incompta were found growing epiphytically on 
Sarccocornia saltmarsh. P. incompta and Ectocarpus siliculosus were highly prevalent in 
Pharagmites australis reed beds along the length of the estuary, attached to stems. Copious 
amounts of Codium tenue were found at East Kleinemonde and this species proved to be the 
main macroalga in the estuary. One would expect the filamentous greens of this estuary to be 
the more prevailing algae, as they are the indicators of nutrient input and although large mats 
of Ulva intestinalis, Ulva flexuosa and Cladophora glomerata occurred in areas of clearly 
noticeable nutrient enrichment, C. tenue appeared to be more of a problem alga in the estuary. 
In Mtati, Coduim tenue was the species highest in abundance and widespread in the estuary 
as well.  This species is a South African native species (see Appendix E) and was common in 
estuaries of this study - its distribution extending to the subtropical Transkei.  On surveying 
the Mngazana estuary for this work in November 2008 the species was not observed, but high 
abundances of C. tenue had been described from assessments of the estuary’s dense forest of 
mangroves in Nov/Dec 2009.  The genus has increasingly become the focus of research 
because of its highly invasive nature (Ridd and Stieglitz, 2002). Verbruggen et al., (2007) 
noted Codium species as prime model specimens that can be used for biogeography studies, 
because of its global distributions and its diversity, representing the many types of habitats it 
can be found in.  
 
The majority of species in community D were marine species which also occur in estuary 
mouths (either open or temporarily open/closed) such as Blidingia marginanta, Ulva linza, 
Caulerpa filiformis, Codium tenue and Dictyota dichotoma, as well as characteristically 
estuarine species that are able to tolerate a wide range of salinities (e.g. Sphacelaria 
brachygonia and Polysiphonia kowiensis). In the permanently open estuaries of community D 
(Fig. 4), it was noticed that no clear distinctions between marine and estuarine algae and their 
position along estuaries could be made; all macroalgal types inhabited all parts of estuaries as 
a result of high salinity values extending far up estuary reaches. Jafta’s 2010 assessment of 
the Bushmans estuary concluded that the lack of a constant flow of freshwater into estuaries 
may cause a significant change in the system over time. Low flow into and reduced flooding 
in and around the catchments of community D estuaries have, in fact, reduced its salinity 
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gradients; gradients which are required to ensure algal species biodiversity, not to mention 
maintain healthy, functioning ecosystems (Jafta, 2010; Flemer and Champ, 2006). The 
marine nature of estuaries in community D (Fig. 5) therefore was the probable source for the 
high numbers of marine seaweeds (e.g. Ulva rigida, Bostrychia intricata, Iyengaria stellata, 
Hypnea rosea, and Chaetomorpha capillaris) which occurred throughout reaches but were 
found in greatest abundances at the mouths of estuaries, attached to boat jetties and slipways. 
Species such as Caulerpa filiformis, Gelidium reptans, Caloglossa leprieurii, and Porphyra 
capensis populated middle and upper estuary reaches growing between salt marshes and on 
reed and submerged macrophyte stems. These findings also tie in with overseas research from 
Europe and America of Wilkinson et al. (2007) that attributed the selective attenuation of 
algae with salinity or more precisely the amount of fresh water entering estuaries from 
catchment areas upstream.  
 
The algae found in the Kariega estuary had a wide intertidal zone for algal growth but species 
diversity and abundances were low and macroalgae were found primarily on silty sediments 
underneath the tree canopy. The filamentous red algae like Polysiphona kowiensis were 
found in varying abundances in the middle to upper reaches of this estuary (Fig. 20). Brown 
species Dictyota dichotoma and Colpomenia sinuosa remained inundated in shallow water 
(0.3m) at sites close to the mouth of the estuary, where salinities were approximately 38 psu 
and temperatures were recorded as 21oC. Ulva rigida was found in marine waters of 36 - 38 
psu. According to Wilkinson et al. (2007) sand scour or sedimentation may reduce algal 
cover in areas with low levels of hard substratum and can be regarded as a major threat to 
marine macroalgal biodiversity (Krause-Jensen et al., 2007; Schmidt and Sheibling, 2007; 
Flemer and Champ, 2006). Corresponding with the Kariega, the Kowie and Mpekweni also 
had few species that colonised these estuaries characterised by algae adequately able to 
tolerate high salinities.   
 
Additionally, for the Bushmans estuary specifically, twenty-nine different species were 
recorded (Fig. 19). In this estuary macroalgal abundance, diversity and species richness was 
the highest compared to the 10 other estuaries in this study (Fig. 29). Low freshwater input 
and its associated nutrients decreased biomass and species richness of microalgae in Jafta’s 
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(2010) assessment of the estuary. It may be deduced that a change in species dominance from 
micro- to macro-algae  - based on Hilmer and Bate’s 1990 work which showed a significant 
decrease in phytoplankton biomass as a result of increased salinity - may have occurred in the 
Bushmans. This high diversity of marine species may also be attributed to the fact that the 
Bushmans had increased recreational activity along the length of the estuary and may be 
another contributing factor to macroalgal assemblages of the estuary. Similar recreational 
activities occurred in the Kariega estuary and Mpekweni has a resort that allows visitors to 
make use of the facilities during their stay. The Kowie estuary has a boating marina at its 
mouth. All of this brings about pollution problems to estuaries. Jafta’s (2010) local survey of 
recreational activity in and around the Bushmans and Altman and Whitlatch’s (2007) 
assessment of disturbance on an estuary in the USA showed that increased development 
around and increased recreational use of an estuary has a significant influence on habitat 
diversity and an increase in ecosystem vulnerability to impacts, evidenced by the findings of 
disturbance and its effect on macroalgae of community D in the current study. 
 
The distribution and abundance of mangrove macroalgae within an estuary have been shown 
to form distinct patterns of distribution (Phillips et al., 1994; Ashton and Macintosh, 2002). 
According to a study done by Melville and Pulkownik (2007), in mangrove systems, distinct 
horizontal and vertical zonation patterns are common and macroalgal biomass generally 
decreases as one moves up the intertidal zone to where mangrove pneumatophores become 
exposed during low tide. Melville et al. (2005) also reported extensive bio-geographic studies 
of mangrove macroalgae in Australia and overseas (including South Africa) that have 
uncovered distinct patterns of algal distribution and abundance in the intertidal zone. These 
authors have concluded desiccation tolerance as one of the more important determining 
factors of mangrove macroalgal intertidal limits; emersion frequency being another 
significant determinant.  
 
In the current study, no distinct patterns of macroalgal zonation had been observed from the 
estuaries of Wavecrest (Ngqusi/Naxao).  At Wavecrest, few macroalgal species were found 
and those that were noticed had to be scraped off rocks and dug out of the sand. The 
Wavecrest Resort mouth is permanently open and Ngqusi is the shorter, more sheltered arm 
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of the two estuaries, yet there were very few algae growing within it. The algae there were 
abundant green species, Ulva prolifera and Chaetomorpha linum, Ectocarpus siliculosus and 
the red species Polysiphonia incompta. Nxaxo, the longer arm, proved to be the more species 
rich of the three mangrove estuaries (Fig. 29). Most macroalgae were found in the sand at 
sheltered sites, growing among Zostera capensis beds. No algae were found growing in the 
mud, but there were brown species (Bachelotia antillarum) growing epiphytically on 
Brugueira knee roots. Mngazana on the other hand, has a dense mangrove forest and had 
greater abundances of macroalgae, with copious amounts of filamentous greens found along 
the main channel of the estuary and highly abundant numbers of browns and reds growing on 
the aerial roots and at the bases of trees of three mangrove species, namely, Avicennia 
marina, Bruguiera gymnorrhiza, and Rhizophora muronata. Bostrychia moritziana, Blidingia 
marginata and Caloglossa leprieurii were the dominant species found growing among 
Mngazana mangrove trees. Species of Gelidiella and Polysiphonia have also been found 
growing prominently among these mangroves (Fig. 28). 
 
According to Hader et al. (2001) and Ridd and Stieglitz (2002) the evaporation of salts within 
estuarine vegetation directly affects salinities within an estuary channel, which then 
significantly influences the longitudinal salinity profile and, indirectly, the distribution and 
occurrence of the macroalgae within them. Similarly, salinity was found to have a marked 
influence on algal distribution in Steinke et al., (2003) mangrove study. The ordination of the 
sites and the species of their study showed a significant pattern of macroalgal distribution in 
relation to salinity. In this research, marked differences in macroalgal distribution and 
occurrence were also evident, possibly as a result of varying salinities. An absence of a 
dominant type of vegetation or sparsely growing mangroves at Wavecrest may be a more 
substantial reason for the assemblages of macroalgae within the mangrove estuaries of this 
study. It was observed though mangrove stands were different; i.e. Mngazana had much 
denser mangrove forests than Ngqusi and Nxaxo, but macroalgal assemblages were not 
significantly different from each other. When the macroalgal assemblages of the three 
estuaries were compared, it was seen that Mngazana had lower species richness (Fig. 29) 
compared with Wavecrest estuaries but the abundances of algae at Mngazana (Fig. 28) were 
much higher than macroalgal abundances from Ngqusi (Fig. 27) and Nxaxo (Fig. 26). Similar 
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to these findings, Granek and Ruttenberg (2008) proposed the removal of dominant 
vegetation lead to significant shifts in the composition of species, demonstrating the effect a 
disturbance such as this may have on biotic communities. They found that in areas of intact 
mangroves, macroalgal biomass was higher compared to areas of cleared mangroves in both 
an experiment conducted as well as in the natural habitat that had been monitored. Mangrove-
cleared areas, on the other hand, had higher algal richness compared to intact areas of 
mangrove forest. It may be for this reason, differences (although not significant) in 
macroalgal assemblages between mangrove estuaries in the current study were seen. 
 
Finally, the dominance by a particular algae group was not restricted to a specific type of 
estuarine habitat in this study, that is, Chlorophytes, Rhodophytes and Ochrophytes were 
found in each type of estuarine habitat (Fig. 6 -16) in varying abundances.  Also, there was no 
specific pattern of distribution for Chlorophytes, Rhodophytes and Ochrophytes between 
reaches of estuaries. Chlorophytes dominated throughout estuaries and Ochrophytes were 
consistently low in abundance except for perhaps the East Kleinemonde estuary where brown 
algae dominated (Fig. 11). Generally, Rhodophytes increased in abundance from the middle 
to upper reaches of estuaries except for the Kowie estuary where Rhodophytes constituted 
approximately 70% (Fig. 9) of the total area cover in the lower reaches. From this, and 
because of the findings of species distributions and richness analyses, it can be deduced that 
macroalgal abundance, distributions and diversity were not determined by estuary type or the 
amount of anthropogenic disturbance, but rather that the physical environmental variables 
were the main determinants of macroalgal assemblages in this study. 
 
7. Conclusion 
The purpose of this research was to document macroalgae from estuaries around the Eastern 
Cape coast. By describing the communities, habitats and the distributions of macroalgae in 
selected estuaries one was able to determine patterns of macroalgal biogeography through the 
investigation of the composition, abundance and diversity of flora within similar estuaries, 
and along the coast.  
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Hypotheses put forward were: 
- Macroalgae assemblages differ in estuaries with different environmental conditions  
- Different plant communities in estuaries will be inhabited by different macroalgae 
communities.  
- Macroalgae are diverse in estuaries that are in a pristine condition.  
 
The distribution and perhaps, the diversity of macroalgae within an estuary may vary as a 
direct result of the environmental gradients of the estuary. The literature suggests that salinity 
and temperature gradients are significant factors that determine the distribution of algae. 
Literature also provides good examples of different plant habitats along estuaries that have 
distinct macroalgae communities associated with them. What was intended in this 
investigation was to determine if algal communities were indeed associated with a specific 
type of habitat or if environmental conditions were primary governors of their occurrences, 
diversity and abundance. Upon investigation into the macroalgae within selected estuaries 
along the Eastern Cape coast, it was evident that although it was apparent individual estuaries 
were governed by specific environmental parameters which helped describe the conditions 
responsible for estuary community groupings observed, the physical environmental variables 
themselves and the linkage to macroalgae assemblages were fundamental in the abundance, 
occurrences and diversity of macroalgae within Eastern Cape estuaries, more so than the type 
of estuary in which they occurs or the amount of disturbance to the estuary. Environmental 
conditions also provided very useful information of estuarine systems as a whole. 
 
It is for this reason that hypothesis one “Macroalgae assemblages differ in estuaries with 
different environmental conditions” was accepted. Although (based on the evidence of this 
work) close species and habitat relationships were apparent from the ordination analyses - 
where distinct groupings of macroalgae occurred, separating species into marine and typical 
estuarine forms based to some degree on the habitat algae occurred in (Fig. 3 and 4) - 
providing support for hypothesis two which states “Different plant communities in estuaries 
will be inhabited by different macroalgae communities”, the evidence was not substantial 
enough to provide sufficient support for the hypothesis because the variable distribution of 
macroalgae within the habitat brought on primarily by widespread environmental factors, 
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overshadowed the specific type of habitat algae colonized and thus hypothesis two was not 
accepted. Lastly, the hypothesis “Macroalgae are diverse in estuaries that are in a pristine 
condition” was not accepted as highest species numbers were found in estuaries of greatest 
anthropogenic disturbance (e.g. Bushmans estuary) and not in estuaries which were more 
natural (e.g. Mtati estuary). Disturbance to an estuary also affects the ecosystems function of 
the estuary through the shift in species dominance as seen in the Bushmans estuary where 
species in fact shifted from a micro- to macroalgal dominance.   
 
To conclude, the occurance and distribution of species in this study was driven by salinity 
gradients of an estuary and species colonized all types of substrates and habitats. The results 
of this study may have been impacted by the frequency and effort applied during data 
collection. Sampling of estuaries had not been consistent; certain estuaires had been surveyed 
more than others and from observations made during those periods of study outside the scope 
of this work, different patterns of species distribution were observed. It is thus proposed that, 
by doing monthly sampling over a period of one year for example one would obtain greater 
information of biodiversity, but patterns of macroalgal seasonality may be uncovered as well. 
This is an area of reasearch which needs to be investigated in the future as it would greatly 
add to the understanding of the role macroalge have in an estuarine environment.  
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9. Appendices: 
 
Appendix A: Statistical analysis information for all data sets in the study. 
 
TABLE  1:  NORMALITY  AND  EQUAL  VARIANCE  TESTS  FOR  THE  ENVIRONMENTAL  VARIABLES  ALONG  EACH 
ESTUARY. P > 0.05 FOR SHARPIRO WILKS, THE DATA IS PARAMETRIC. 
Estuary  Shapiro‐Wilks Normality Test  Equal Variance Test 
Mngazana  (P= 0.006)  (P <0.001) 
Ngqusi  (P 0.200)  (P = 0.282) 
Nxaxo  (P= 0.004)  (P = 0.151) 
Mtati  (P <0.001)  (P <0.001) 
Mpekweni  (P >0.200)   (P= 0.368) 
East Kleinemonde  (P > 0.200)  (P= 0.441)  
West Kleinemonde  (P > 0.200)   (P= 0.002) 
Kowie  (P <0.001)  (P= 0.073 
Kariega  (P <0.001)  (P= 0.014) 
Bushmans  (P <0.001)  (P= 0.005) 
Sundays  (P <0.001)  (P <0.001) 
 
TABLE 2: MULTIPLE LINEAR REGRESSION: SUMMARY OF THE ENVIRONMENTAL VARIABLES RELATIVE TO SPECIES 
RICHNESS IN THE ELEVEN ESTUARIES. R²= .20267118; P< 0.04354; N= 55.   
  Beta 
Standard 
error of 
Beta 
B  Standard 
error of B  t(49)  p‐level 
Intercept      ‐1.59220  3.310933  ‐0.48089  0.632735 
Distance from 
mouth  ‐0.368037  0.213959  ‐0.17138  0.099634  ‐1.72013  0.091719 
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  Beta 
Standard 
error of 
Beta 
B  Standard 
error of B  t(49)  p‐level 
Salinity  0.149136  0.154602  0.05001  0.051838  0.96465  0.339459 
Temperature  0.446078  0.208769  0.36107  0.168983  2.13670  0.037641 
Secchi depth  ‐0.124292  0.146934  ‐1.17974  1.394655  ‐0.84590  0.401720 
Water depth  0.038601  0.132615  0.16256  0.558476  0.29107  0.772223 
 
 
 
 
TABLE  3:  MULTIPLE  LINEAR  REGRESSIONS:  SUMMARY  OF  THE  ENVIRONMENTAL  VARIABLES  RELATIVE  TO 
SPECIES RICHNESS IN THE ELEVEN ESTUARIES. R²= .12838134; P< 0.13564; N= 55.     
  Beta 
Standard 
error of 
Beta 
B  Standard 
error of B  t(50)  p‐level 
Intercept      3.10477  2.562654  1.211543  0.231382 
Distance 
from 
mouth 
‐0.038081  0.153283  ‐0.01773  0.071379  ‐0.248434  0.804816 
Salinity  0.311543  0.139345  0.10446  0.046722  2.235772  0.029861 
Secchi 
depth  ‐0.127039  0.152077  ‐1.20582  1.443470  ‐0.835360  0.407489 
Water 
depth  0.097324  0.134282  0.40986  0.565496  0.724772  0.471970 
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TABLE 4: NORMALITY AND EQUAL VARIANCE TESTS FOR ESTUARY MACROALGAE SPECIES RICHNESS. P > 0.05 
FOR SHARPIRO WILKS; THE DATA IS PARAMETRIC.  
Estuary  Shapiro‐Wilks Normality Test  Equal Variance Test 
Mngazana  > 0.200  <0.001 
Ngqusi  0.065  0.011 
Nxaxo  > 0.200  0.002 
Mtati  > 0.200  0.009 
Mpekweni  > 0.200  0.039 
East Kleinemonde  0.051  0.013 
West Kleinemonde  0.001  0.003 
Kowie  0.109  0.015 
Kariega  0.010  0.143 
Bushmans  > 0.200  0.136 
Sundays  0.030  0.002 
 
 
TABLE  5:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  OF  SPECIES  RICHNESS  BETWEEN 
ESTUARIES. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Estuary  n  p 
Bushmans vs. Mngazana  3  0.016 
Bushmans vs. Ngqusi  3  0.002 
Bushmans vs. Nxaxo  3  0.062 
Bushmans vs. Mtati  3  <0.001 
Bushmans vs. Mpekweni  3  <0.001 
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Bushmans vs. East 
Kleinemonde 
3  0.016 
Bushmans vs. West 
Kleinemonde 
3  <0.001 
Bushmans vs. Kowie  3  <0.001 
Bushmans vs. Kariega  3  <0.001 
Bushmans vs. Sundays  3  <0.001 
Mngazana vs. Ngqusi  3  0.998 
Mngazana vs. Nxaxo  3 1.000 
Mngazana vs. Mtati  3 0.114 
Mngazana vs. Mpekweni  3 0.828 
Mngazana vs. East 
Kleinemonde 
3 1.000 
Mngazana vs. West 
Kleinemonde 
3 0.198 
Mngazana vs. Kowie  3 0.936 
Mngazana vs. Kariega  3 0.936 
Mngazana vs. Sundays  3 0.986 
Ngqusi vs. Nxaxo  3 0.936 
Ngqusi vs. Mtati  3  0.486 
Ngqusi vs. Mpekweni  3  0.998 
Ngqusi vs. East Kleinemonde  3  0.998 
Ngqusi vs. West Kleinemonde  3  0.667 
Ngqusi vs. Kowie  3  1.000 
Ngqusi vs. Kariega  3  1.000 
Ngqusi vs. Sundays  3  1.000 
Nxaxo vs. Mtati  3  0.332 
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Nxaxo vs. Mpekweni  3  0.486 
Nxaxo vs. East Kleinemonde  3  1.000 
Nxaxo vs. West Kleinemonde  3  0.062 
Nxaxo vs. Kowie  3  0.667 
Nxaxo vs. Kariega  3  0.667 
Nxaxo vs. Sundays  3  0.828 
Mtati vs. Mpekweni  3 0.936 
Mtati vs. East Kleinemonde  3 0.114 
Mtati vs. West Kleinemonde  3 1.000 
Mtati vs. Kariega  3 0.828 
Mtati vs. Kowie  3 0.828 
Mtati vs. Sundays  3 0.667 
Mpekweni vs. East 
Kleinemonde 
3 0.828 
Mpekweni vs. West 
Kleinemonde 
3 0.986 
Mpekweni vs. Kariega  3 1.000 
Mpekweni vs. Kowie  3  1.000 
Mpekweni vs. Sundays  3  1.000 
East Kleinemonde vs. West 
Kleinemonde 
3  0.198 
East Kleinemonde vs. Kariega  3  0.936 
East Kleinemonde vs. Kowie  3  0.936 
East Kleinemonde vs. Sundays  3  0.986 
West Kleinemonde vs. Kariega  3  0.936 
West Kleinemonde vs. Kowie  3  0.936 
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West Kleinemonde vs. Sundays  3  0.828 
Kariega vs. Kowie  3  1.000 
Kariega vs. Sundays  3  1.000 
Kowie vs. Sundays  3  1.000 
 
 
TABLE 6: A ONE‐WAY ANALYSIS OF VARIANCE OF THE ENVIRONMENTAL VARIABLES ALONG THE MNGAZANA 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  p‐level 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5  0.172 
Temperature vs. Salinity  5 0.973 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5 <0.001 
Salinity vs. Mouth dist.  5  0.434 
Mouth dist.vs. Secchi depth  5  0.004 
Mouth dist. vs. Water depth  5 0.011 
Water depth vs. Secchi depth  5  0.990 
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TABLE  7:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  NXAXO 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5 <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5 <0.001 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5  <0.001 
Salinity vs. Mouth dist.  5  <0.001 
Mouth dist.vs. Secchi depth  5  0.643 
Mouth dist. vs. Water depth  5 1.000 
Water depth vs. Secchi depth  5  0.717 
 
 
TABLE  8:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  NGQUSI 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5 <0.001 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5 <0.001 
Salinity vs. Mouth dist.  5  <0.001 
Mouth dist.vs. Secchi depth  5  0.996 
Mouth dist. vs. Water depth  5  0.931 
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Water depth vs. Secchi depth  5  0.771 
 
 
TABLE 9: A ONE‐WAY ANALYSIS OF VARIANCE OF THE ENVIRONMENTAL FACTORS ALONG THE MTATI ESTUARY. 
IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5 <0.001 
Temperature vs. Salinity  5  0.422 
Salinity vs. Secchi depth  5  0.014 
Salinity vs. Water depth  5  0.032 
Salinity vs. Mouth dist.  5  0.040 
Mouth dist.vs. Secchi depth  5 0.987 
Mouth dist. vs. Water depth  5  1.000 
Water depth vs. Secchi depth  5 0.995 
 
 
TABLE 10: A ONE‐WAY ANALYSIS OF VARIANCE OF  THE  ENVIRONMENTAL  FACTORS ALONG  THE MPEKWENI 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5  <0.001 
Salinity vs. Secchi depth  5 <0.001 
Salinity vs. Water depth  5  <0.001 
Salinity vs. Mouth dist.  5 <0.001 
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Mouth dist.vs. Secchi depth  5  0.695 
Mouth dist. vs. Water depth  5 0.989 
Water depth vs. Secchi depth  5  0.418 
 
 
TABLE  11:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  EAST 
KLEINEMONDE ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5 <0.001 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5  <0.001 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5 <0.001 
Salinity vs. Mouth dist.  5  <0.001 
Mouth dist.vs. Secchi depth  5 0.877 
Mouth dist. vs. Water depth  5  0.996 
Water depth vs. Secchi depth  5  0.697 
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TABLE  12:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  WEST 
KLEINEMONDE ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5 <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5 0.173 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5  <0.001 
Salinity vs. Mouth dist.  5  <0.001 
Mouth dist.vs. Secchi depth  5  0.580 
Mouth dist. vs. Water depth  5 0.999 
Water depth vs. Secchi depth  5  0.743 
 
 
 
ABLE  13:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  KARIEGA 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5 <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5 0.002 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5  <0.001 
Salinity vs. Mouth dist.  5  <0.001 
Mouth dist.vs. Secchi depth  5  0.006 
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Mouth dist. vs. Water depth  5  0.004 
Water depth vs. Secchi depth  5 0.996 
 
 
TABLE  14:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  KOWIE 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5 <0.001 
Temperature vs. Mouth dist.  5  0.002 
Temperature vs. Salinity  5  0.899 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5  <0.001 
Salinity vs. Mouth dist.  5 <0.001 
Mouth dist.vs. Secchi depth  5  0.055 
Mouth dist. vs. Water depth  5 0.107 
Water depth vs. Secchi depth  5  0.997 
 
 
TABLE 15: A ONE‐WAY ANALYSIS OF VARIANCE OF  THE  ENVIRONMENTAL  FACTORS ALONG  THE BUSHMANS 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n  P 
Temperature vs. Secchi depth  5  <0.001 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5  <0.001 
Temperature vs. Salinity  5 0.023 
Salinity vs. Secchi depth  5  <0.001 
Salinity vs. Water depth  5 <0.001 
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Salinity vs. Mouth dist.  5  <0.001 
Mouth dist.vs. Secchi depth  5 0.054 
Mouth dist. vs. Water depth  5  0.163 
Water depth vs. Secchi depth  5 0.977 
 
 
TABLE  16:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  OF  THE  ENVIRONMENTAL  FACTORS  ALONG  THE  SUNDAYS 
ESTUARY. IF P < 0.05; THE DATA IS SIGNIFICANT. 
Comparison  n P 
Temperature vs. Secchi depth  5  0.074 
Temperature vs. Water depth  5  <0.001 
Temperature vs. Mouth dist.  5  0.886 
Temperature vs. Salinity  5  0.233 
Salinity vs. Secchi depth  5 0.002 
Salinity vs. Water depth  5  0.011 
Salinity vs. Mouth dist.  5 <0.001 
Mouth dist.vs. Secchi depth  5  0.019 
Mouth dist. vs. Water depth  5  0.041 
Water depth vs. Secchi depth  5  0.963 
 
 
TABLE  17:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE MNGAZANA  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Mngazana 
Chlorophyta vs. Dist. from mouth  3  16  < 0.001 
Ochrophyta vs. Dist. from mouth  3  16  0.887 
Rhodophyta vs. Dist. from motuh  3  16  0.027
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Chlorophyta vs. Ochrophyta  3  16  0.003 
Ochrophyta vs. Rhodophyta  3  16  0.107 
Rhodophyta vs. Chlorophyta  3  16  0.322 
 
 
TABLE  18:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  NGQUSI  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t)  d.f.(e)  p 
Ngqusi 
Chlorophyta vs. Dist. from mouth  3  16  0.011 
Ochrophyta vs. Dist. from mouth  3  16  0.446 
Rhodophyta vs. Dist. from mouth  3  16  0.228
Chlorophyta vs. Ochrophyta  3  16  0.195
Ochrophyta vs. Rhodophyta  3  16  0.963 
Rhodophyta vs. Chlorophyta  3  16  0.393 
 
 
TABLE  19:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  NXAXO  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Nxaxo 
Chlorophyta vs. Dist. from mouth  3  16  0.023 
Ochrophyta vs. Dist. from mouth  3  16  0.394 
Rhodophyta Dist. from mouth  3  16  0.047
Chlorophyta vs. Ochrophyta  3  16  0.383
Ochrophyta vs. Rhodophyta  3  16  0.596
Rhodophyta vs. Chlorophyta  3  16  0.981 
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TABLE  20:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  MTAI  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Mtati 
Chlorophyta vs. Dist. from mouth  3  16  <0.001 
Ochrophyta vs. Dist. from mouth  3  16  0.944 
Rhodophyta vs. Dist. from motuh  3  16  0.533 
Chlorophyta vs. Ochrophyta  3  16  <0.001
Ochrophyta vs. Rhodophyta  3  16  0.846
Rhodophyta vs. Chlorophyta  3  16  <0.001
 
 
TABLE  21:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  MPEKWENI  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Mpekweni 
Chlorophyta vs. Dist. from mouth  3  16  0.042 
Ochrophyta vs. Dist. from mouth  3  16  0.106 
Rhodophyta vs. Dist. from motuh  3  16  0.035 
Chlorophyta vs. Ochrophyta  3  16  0.960 
Ochrophyta vs. Rhodophyta  3  16  0.934 
Rhodophyta vs. Chlorophyta  3  16  1.000 
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TABLE  22:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES AND DISTANCE FROM THE MOUTH FOR THE EAST KLEINEMONDE ESTUARY. IF P < 0.05; THE DATA 
IS SIGNIFICANT. 
Comparison  d.f.(t)  d.f.(e)  p 
East Kleinemonde 
Chlorophyta vs. Dist. 
from mouth  3  16  <0.001 
Ochrophyta vs. Dist. 
from mouth  3  16  0.099 
Rhodophyta vs. Dist. 
from motuh  3  16  0.244 
Chlorophyta vs. 
Ochrophyta  3  16  0.005 
Ochrophyta vs. 
Rhodophyta  3  16  0.949 
Rhodophyta vs. 
Chlorophyta  3  16  0.002 
 
 
TABLE  23:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE WEST KLEINEMONDE  ESTUARY.  IF  P  <  0.05;  THE 
DATA IS SIGNIFICANT.  
Comparison  d.f.(t) d.f.(e) p 
West Kleinemonde 
Chlorophyta vs. Dist. from mouth  3  16  0.134 
Ochrophyta vs. Dist. from mouth  3  16  0.158 
Rhodophyta vs. Dist. from mouth  3  16  0.031 
Chlorophyta vs. Ochrophyta  3  16  1.000
Ochrophyta vs. Rhodophyta  3  16  0.819
Rhodophyta vs. Chlorophyta  3  16  0.865
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TABLE  24:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  KOWIE  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Kowie 
Chlorophyta vs. Dist. from mouth  3  16  0.024 
Ochrophyta vs. Dist. from mouth  3  16  0.988 
Rhodophyta vs. Dist. from motuh  3  16  <0.001 
Chlorophyta vs. Ochrophyta  3  16  0.044
Ochrophyta vs. Rhodophyta  3  16  <0.001
Rhodophyta vs. Chlorophyta  3  16  0.042
 
 
TABLE  25:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  KARIEGA  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Kariega 
Chlorophyta vs. Dist. from mouth  3  16  0.003 
Ochrophyta vs. Dist. from mouth  3  16  0.995 
Rhodophyta vs. Dist. from motuh  3  16  0.181
Chlorophyta vs. Ochrophyta  3  16  0.005
Ochrophyta vs. Rhodophyta  3  16  0.267
Rhodophyta vs. Chlorophyta  3  16  0.203 
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TABLE  26:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  BUSHMANS  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t) d.f.(e) p 
Bushmans 
Chlorophyta vs. Dist. from mouth  3  16  <0.001 
Ochrophyta vs. Dist. from mouth  3  16  0.433 
Rhodophyta vs. Dist. from mouth  3  16  0.206 
Chlorophyta vs. Ochrophyta  3  16  <0.001
Ochrophyta vs. Rhodophyta  3  16  0.954
Rhodophyta vs. Chlorophyta  3  16  <0.001
 
TABLE  27:  A  ONE‐WAY  ANALYSIS  OF  VARIANCE  TEST  FOR  SIGNIFICANCE  BETWEEN  MACROALGAE  TAXA 
ABUNDANCES  AND  DISTANCE  FROM  THE  MOUTH  FOR  THE  SUNDAYS  ESTUARY.  IF  P  <  0.05;  THE  DATA  IS 
SIGNIFICANT. 
Comparison  d.f.(t)  d.f.(e)  p 
Sundays 
Chlorophyta vs. Dist. from mouth  3  16  0.055 
Ochrophyta vs. Dist. from mouth  3  16  0.957
Rhodophyta vs. Dist. from mouth  3  16  0.103 
Chlorophyta vs. Ochrophyta  3  16  0.986 
Ochrophyta vs. Rhodophyta  3  16  0.241 
Rhodophyta vs. Chlorophyta  3  16  0.986 
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TABLE 28: CHANGES  IN THE PHYSICAL ENVIRONMENT ALONG THE LENGTH OF EACH OF THE ELEVEN EASTERN 
CAPE  ESTUARIES  IN  THE  STUDY.  A.  SUNDAYS  ESTUARY;  B.  BUSHMANS  ESTUARY;  C.  KARIEGA  ESTUARY;  D. 
KOWIE ESTUARY; E. WEST KLEINEMONDE ESTUARY; F. EAST KLEINEMONDE ESTUARY; G. MPEKWENI ESTUARY; 
H. MTATI ESTUARY; I. NGQUSI ESTUARY; J. NXAXO ESTUARY; AND K. MNGAZANA ESTUARY.  
 
 
ESTUARY 
SALINITY (PSU)  TEMPERATURE °C  WATER DEPTH 
(M) 
SECCHI DEPTH 
(M) 
  MIN  MAX  MIN  MAX  MIN  MAX  MIN  MAX 
MNGAZANA  14.53333  27.86666667 21  26.43333333 0.65  4.5  0.65  1 
NGQUSI  32.7  34.73333333 16.23333 17.83333  1.1  1.72  0.52  1.4 
NXAXO  27.46667  32.33333 17.43333 17.73333 1.19 1.93  0.29  1.35
MTATI  1.2  30.2  19.86667 20.93333  1.3  2.9  0.8  1.3 
MPEKWENI  33.1  35.4  18.03333 19.86667  1  2.5  0.6  1.4 
WEST 
KLEINEMONDE  14.23333  18.1  14.03333 15.43333  1.83  2.57  0.5  1.83 
EAST 
KLEINEMONDE  22.16667  24.16667  17.6  19.56667  1.1  2.5  0.76  1.7 
KOWIE  13.23333  35.33333 22.43333 27.36667 1.3 2.5  0.5  1.2
KARIEGA  34.26667  37.9  21.46667 30.53333  1.3  2.5  0.65  2 
BUSHMANS  34.4  38.16667  22.26667 28.16667  1.4  3.5  0.44  1.4 
SUNDAYS  2.643333  27.13667  21.29333 22.42  2  4.6  0.7  0.9 
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Appendix B: Lists of macroalgae species names with corresponding species 
authorities and codes used in ordination analyses. 
 
TABLE  29:  MACOALGAE  SPECIES  NAMES,  AUTHORITIES  AND  SPECIES  CODES  USED  IN  DECORANA, 
DETRENDED CORRESPONDENCE ANALYSIS AND CANONICAL CORRESPONDENCE ANALYSIS ORDINATIONS. 
SPECIES: AUTHORITY SPECIES CODE 
Blidingia marginata (J. Argardh) P.J.L Dangeard Blid_mar 
Ulva compressa O.F. Muller Ulva_com 
Ulva flexuosa Wulfen Ulva_fle 
Ulva intestinalis Linnaeus Ulva_int 
Ulva linza Linnaeus Ulva_lin 
Ulva prolifera O.F. Müller Ulva_pro 
Ulva lactuca Linnaeus Ulva_lac 
Ulva rigida C. Agardh Ulva_rig 
Chaetomorpha capillaris (Kützing) Børgesen Chae_lig 
Chaetomorpha  linum  (O.F. Müller) Kützing Chae_lin 
Cladophora glomerata  (Linnaeus) Kützing Clad_glo 
Cladophora sp.  Kützing Clad_sp1 
Rhizoclonium lubricum  Setchell & N.L. Gardner Rhiz_lub 
Rhizoclonium riparium  (Roth) Harvey Rhiz_rip 
Codium extricatum  P.C. Silva  Codi_ext 
Codium lucasii subsp. 
capense 
P.C. Silva  Codi_cap 
Codium tenue  (Kützing) Kützing Codi_ten 
Codium duthieae P.C. Silva Codi_dut 
Caulerpa filiformis  (Suhr) Hering Caul_fil 
Derbesia marina  (Lyngbye) Solier Derb_mar 
Derbesia hollenbergii W.R. Taylor Der_hol 
Bryopsis africana  Areschoug Bryo_afr 
Monostroma sp.  Thuret Mono_sp1 
Bachelotia antillarum  (Grunow) Gerloff Bach_ant 
Ectocarpus fasciculatus  Harvey Ecto_fas 
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Ectocarpus siliculosus  (Dillwyn) Lyngbye  Ecto_sil 
Ectocarpus sp.  Lyngbye Ecto_sp1 
Sphacelaria brachygonia  Montagne Spha_bra 
Sphacelaria sp.  Lyngbye Spha_sp1 
Dictyota dichotoma  (Hudson) J.V. Lamouroux Dict_dic 
Iyengaria stellata  (Børgesen) Børgesen Iyen_ste 
Colpomenia sinuosa 
(Mertens ex Roth) Derbès & 
Solier 
Colp_sin 
Endarachne binghamiae  J. Agardh Enda_bin 
Stilophora falnaganii  Kylin Stil_fla 
Porphyra capensis  Kützing Porp_cap 
Gelidium pristoides  (Turner) Kützing Geli_pri 
Gelidium reptans  (Suhr) Kylin Geli_rep 
Gelidiella sp.  Feldmann & G. Hamel Geli_sp1 
Caulacanthus ustulatus  (Mertens ex Turner) Kützing Caul_ust 
Hypnea rosea  Papenfuss Hypn_ros 
Centroceras clavulatum  (C. Agardh) Montagne Cent_cla 
Caloglossa leprieurii  (Montagne) G. Martens Calo_lep 
Bostrychia intricata  (Bory de Saint-Vincent) 
Montagne  Bost_int 
Bostrychia moritziana  (Sonder ex Kützing) J. 
Agardh  Bost_mor 
Bostrychia scorpioides  (Hudson) Montagne Bost_sco 
Polysiphonia incompta  Harvey Poly_inc 
Polysiphonia kowiensis  Stegenga, Bolton & R.J. 
Anderson  Poly_kow 
Polysiphonia tepida  Hollenberg Poly_tep 
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LEGEND 1: DETAILED LEGEND FOR DETRENDED CORRESPONDENCE ANALYSIS (DCA) ORDINATION OF ESTUARY 
SAMPLE AND SITE CODES. 
SAMPLE CODES: 
 
Sundays estuary  West Kleinemonde estuary  Ngqusi estuary 
 
SND 1 = Sundays site 1  WK 1 = West Kleinemonde site 1  NGQ 1 = Ngqusi site 1 
SND 2 = Sundays site 2  WK 2 = West Kleinemonde site 2  NGQ 2 = Ngqusi site 2 
SND 3 = Sundays site 3  WK 3 = West Kleinemonde site 3  NGQ 3 = Ngqusi site 3 
SND 4 = Sundays site 4  WK 4 = West Kleinemonde site 4  NGQ 4 = Ngqusi site 4 
SND 5 = Sundays site 5  WK 5 = West Kleinemonde site 5  NGQ 5 = Ngqusi site 5 
 
Bushmans estuary  East Kleinemonde estuary  Nxaxo estuary 
 
BMS 1 = Bushmans site 1  EK 1 = East Kleinemonde site 1  NXA 1 = Nxaxo site 1 
BMS 2 = Bushmans site 2  EK 2 = East Kleinemonde site 2  NXA 2 = Nxaxo site 2 
BMS 3 = Bushmans site 3  EK 3 = East Kleinemonde site 3  NXA 3 = Nxaxo site 3 
BMS 4 = Bushmans site 4  EK 4 = East Kleinemonde site 4  NXA 4 = Nxaxo site 4 
BMS 5 = Bushmans site 5  EK 5 = East Kleinemonde site 5  NXA 5 = Nxaxo site 5 
 
Kariega estuary  Mpekweni estuary   Mngazana estuary 
 
KAR 1 = Kariega site 1   MPK 1 = Mpekweni site 1   MNG 1 = Mngazana site 1 
KAR 2 = Kariega site 2   MPK 2 = Mpekweni site 2   MNG 2 = Mngazana site 2 
KAR 3 = Kariega site 3  MPK 3 = Mpekweni site 3   MNG 3 = Mngazana site 3 
KAR 4 = Kariega site 4  MPK 4 = Mpekweni site 4   MNG 4 = Mngazana site 4 
KAR 5 = Kariega site 5  MPK 5 = Mpekweni site 5   MNG 5 = Mngazana site 5 
 
Kowie estuary   Mtati estuary    SITE CODES: 
 
KOW 1 = Kowie site 1  MTA 1 = Mtati site 1   Site 1 = estuary mouth 
KOW 2 = Kowie site 2  MTA 2 = Mtati site 2   Site 2 = lower reaches   
KOW 3 = Kowie site 3  MTA 3 = Mtati site 3   Site 3 = middle reaches  
KOW 4 = Kowie site 4  MTA 4 = Mtati site 4   Site 4 = upper reaches 
KOW 5 = Kowie site 5  MTA 5 = Mtati site 5   Site 5 = estuary head 
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Appendix C: Summary information for Detrended Correspondence Analysis of 
estuary and macroalgae percentage cover and Cononical Correspondence 
Analysis of estuary and macroalgae percentage cover and environmental 
variables along the estuaries in the study.  
 
 
TABLE 30: DETRENDED  CORRESPONDENCE ANALYSIS  SUMMARY  INFORMATION WITH  EIGENVALUES  FOR  THE 
ELEVEN ESTUARIES IN THE STUDY. 
All estuaries 
Axes  1  2  3  4  Total inertia 
Eigenvalues  0.721  0.559  0.486  0.321  8.646 
Length of gradient  6.170  4.577  4.953  3.906   
Sum of all eigenvalues          8.646 
 
 
 
TABLE 31: CANONICAL CORRESPONDENCE ANALYSIS  SUMMARY  INFORMATION WITH  EIGENVALUES  FOR  THE 
ELEVEN ESTUARY IN THIS STUDY. 
All estuaries 
Axes  1  2  3  4  Total inertia 
Eigenvalues  0.397  0.267  0.197  0.160  8.646 
Specie‐environmental 
correlations  0.820  0.740  0.748  0.657   
Cumulative percentage  
variance of species data  4.6  7.7  9.9  11.8   
Cumulative percentage 
 variance of species‐ 
environment relation 
49.0   65.2    84.3  100.0   
Sum of all eigenvalues          8.646 
Sum of all canonical 
 eigenvalues          1.018 
 
Figure 1: Surface view of the thallus of Blidingia
marginata C. Agardh showing cell arrangement.
Figure 3: Bryopsis africana Areschoug showing the
apices of the erect filaments under a light microscope
in surface view.
Division: Chlorophyta
Appendix D: Photographic representations of species identified from this study.
Figure 4: Caulerpa filiformis (Suhr) K. Hering in cross
section showing the thallus lumen.
Figure 2: Ulva compressa O.F. Muller in surface view
showing the cell arrangement.
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Figure 8: Cladophora glomerata (Linnaeus) Kützing
filaments with pronounced intercalary growth.
Figure 5: Surface view of Chaetomorpha linum (O.F.
Müller) Kützing uniform fillaments.
Figure 6: Chaetomorpha ligustica (Kützing) Kützing in
surface view showing the lamellate cell wall.
Figure 7: A species from the genus Cladophora
showing uniseriate filaments. 115
Figure 12: Codium tenue (Kützing) Kützing utricles
are indiscriminate narrowing below the apex.
Figure 11: A cluster of Codium lucasii subsp. capense
P.C. Silva utricles constricted below the apex.
Figure 9: Single utricle of Codium duthieae P.C. Silva
with a rounded apex.
Figure 10: Utricles of Codium extricatum P.C. Silva
with thickened truncate apices.
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Figure 16: Rhizoclonium riparium (Roth) Harvey
unbranched filaments with vegetative cells containing
chloroplasts.
Figure 13: Derbesia marina (Lyngbye) Solier filament
containing chloroplasts.
Figure 15: A species from the genus Monostroma
showing paired chloroplasts.
Figure 14: Derbesia hollenbergii W.R Taylor
zoosporangia.
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Figure 20: Rows of Ulva flexuosa Linnaeus rectangular
cells with 2-3 pyrenoids
Figure 18: Surface view of Ulva intestinalis Linnaeus
thallus showing rounded vegetative cells in no definite
order containing one pyrenoid.
Figure 19: Surface view of Ulva linza Wulfen rounded
angular cells in definite rows and one pyrenoid per cell.
Figure 17: Rhizoclonium lubricum Setchell & N.L.
Gardner unbranched filaments with chloroplasts
containing many pyranoids.
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Figure 22: Cross section of Ulva rigida (J. Agardh)
P.J.L. Dangeard thallus with choloroplasts against the
cell wall.
Figure 23: Surface view of Ulva lactuca Linnaeus
polygonal, isodiametric cells in no definite order
Figure 21: Surface view of Ulva prolifera Linnaeus
cells in regular, longitudinal rows.
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Figure 24: Bachelotia antillarum (Grunow) Gerloff
cells with star-shaped chloroplasts.
Figure 25: Dictyota dichotoma (Hudson) J.V.
Lamouroux thallus with rounded apices.
Figure 26: Colpomenia sinuosa (Mertens ex Roth)
Derbès & Solier in cross section showing the
arrangement ofcolourless, isodiametric cells.
Division: Ochrophyta
Figure 27: Highly branched Ectocarpus fasciculatus
Harvey filaments with barrel-shaped cells and
plurilocular sporangia. 120
Figure 29: Feely branched filaments of Ectocarpus
siliculosus (Dillwyn) Lyngbye with plurilocular
sporangia of variable lengths in surface view.
Figure 28: Branched filaments of a species from the
genus Ectocarpus.
Figure 30: A cross section on Endarachnae binghamiae
J. Agardh isodiametric cells and central medullary
hypae.
Figure 31: Iyengaria stellata (Børgesen) Børgesen
parenchymatous cells in cross section.
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Figure 33:Surface view of Sphacelaria brachygonia
Montagne showing branching of filaments.
Figure 34: Surface view of Stilophora flanaganii Kylin
cells with phaephycean hairs.
Figure 32: A species from the genus Sphacelaria in
surface view showing a two-celled pedicel.
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Figure 35: Bostrychia intricata (Bory de Saint-Vincent)
Montagne. Filaments of young apices curved with eight
pericentral cells.
Figure 36: Bostrychia moritziana (Sonder ex Kützing) J.
Agardh with four pericentral cells and a tetrasporangial
stichidium.
Figure 37: surface view of Bostrychia scorpioides
(Hudson) Montagne showing strongly incurved apices.
Figure 38: Caloglossa leprieurii (Montagne) G. Martens
with prominent central row of cells arising from the apex.
Division Rhodophyta
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Figure 39: Caulacanthus ustulatus (Mertens ex Turner)
Kützing showing the spine-like apex of the thallus.
Figure 40: Centroceras clavulatum (C. Agardh) Montagne
filament segmented with a strongly incurved apex.
Figure 41: A species from the genus Gelidiella
cortical cells arranged in rows.
Figure 42: Blades of Gelidium pristoides (Turner)
Kützing showing the undulate proliferous margins. 125
Figure 43: Gelidium reptans (Suhr) Kylin detailing a
darkly pigmented outer cortex and angular inner cortical
cells.
Figure 44: Irregular branching of Hypnea rosea
Papenfuss thallus.
Figure 45: Erect filaments of Polysiphonia incompta
Harvey showing four pericentral cells without
cortication and tetrasporangia.
Figure 46: Polysiphonia tepida Hollenberg with eight
pericentral cells.
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Figure 48: Rounded, paired Porphyra capensis
Kützing cells in surface view.
Figure 47: Polysiphonia kowiensis Stegenga, Bolton & R.J.
Anderson segmentss with six pericentral cells and
cortication.
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Appendix E: Habitats and global distributions of macroalgae in the study. 
Table 31: Habitat and global distributions of all identified macroalgae species from this study (Adapted from Silva et al., 1996; Guiry and Guiry, 
2010). 
Species Estuary Habitat Type locality Distribution 
Blidingia marginata Mngazana, Bushmans Marine France 
Arctic, Ireland, Europe, Atlantic 
Islands, North America, Central 
America, Caribbean Islands, South 
America, Africa, South-west Asia, 
Asia, New Zealand and Australia 
Ulva compressa Sundays Marine England 
Ireland, Europe, Atlantic Islands, 
Central America, Caribbean Islands, 
Africa, South-west Asia, Australia and 
New Zealand, Pacific Islands 
Ulva flexuosa Mtati, East Kleinemonde, Bushmans, Sundays Marine Adriatic Sea 
Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, Africa, South-west Asia, 
Australia and New Zealand, Pacific 
Islands 
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Ulva intestinalis East Kleinemonde Marine England 
Ireland, Europe, Atlantic Islands, North 
America, Central America, Africa, 
South-west Asia, Australia and New 
Zealand,, Pacific Islands 
Ulva linza Nxaxo, Bushmans, Sundays Marine England 
Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, Africa, South-west Asia, Asia, 
Australia and New Zealand, 
Ulva prolifera 
Mngazana, Ngqusi, Nxaxo, Mpekweni, 
East Kleinemonde, 
Bushmans,Sundays 
Marine Denmark 
Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, Africa, South-west Asia, 
Pacific Islands 
Ulva rigida Ngqusi, Nxaxo, Mpekweni, Kariega Bushmans Marine Spain 
Arctic, Ireland, Europe, Atlantic 
Islands, North America, Central 
America, Caribbean Islands, South 
America, Africa, Indian Ocean Islands, 
South-west Asia, South-east Asia, 
Australia and New Zealand, Pacific 
Islands, Antarctic and subantarctic 
Islands 
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Ulva lactuca Kowie Marine Atlantic Ocean 
Arctic, Europe, Atlantic Islands, North 
America, Ireland, Central America, 
Caribbean Islands, South America, 
Africa, Indian Ocean Islands, South-
west Asia, South-east Asia, Australia 
and New Zealand, Pacific islands, 
Antarctic and subantarctic Isalnds 
Chaetomorpha capillaris Bushmans Marine Italy Europe, Atlantic Islands, Africa, Asia, South-east Asia 
Chaetomorpha linum 
Mngazana, Ngqusi, Nxaxo,Mpekweni, 
East Kleinemonde, Kariega, 
Bushmans, Kowie, Sundays 
Marine Denmark 
Arctic, Ireland, Europe, Atlantic 
Islands, North America, Central 
America, Africa, Indian Ocean Islands, 
South-west Asia, Australia and New 
Zealand, Pacific Islands 
Cladophora glomerata Mngazana, East Kleinemonde, West Kleinemonde Marine and freshwater Europe 
Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, South-west Asia, Asia, South-
east Asia, Australia and New Zealand, 
Pacific Islands 
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Rhizoclonium riparium Kariega, Kowie Marine Germany 
Arctic, Ireland, Europe, Atlantic 
Islands, North America, Central 
America, Caribbean Islands, South 
America, Africa, South-west Asia, 
South-east Asia, Australia and New 
Zealand, Pacific Islands, Antarctic and 
subantarctic islands 
Rhizoclonium lubricum Kariega, Kowie Marine USA 
Ireland, Europe, North America, 
Central America, Africa, Australia and 
New Zealand 
Codium extricatum Bushmans Marine South Africa Africa, Australia and New Zealand 
Codium tenue Ngqusi, Nxaxo, Mtati, Mpekweni,  East Kleinemonde, KariegaBushmans Marine South Africa 
Africa, South-west Asia, Asia, South-
east Asia, Pacific Islands 
Codium lucasii subsp. capense Bushmans Marine South Africa Africa, Australia and New Zealand 
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Caulerpa filiformis Kariega, Bushmans Marine South Africa South America, Africa 
Derbesia marina Sundays Marine Denmark 
Ireland, Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, South America, Africa, Indian 
Ocean Islands, South-west Asia, 
Australia and New Zealand, Pacific 
Islands 
Derbesia hollenbergii Bushmans Marine Ecuador Central America, South America, Africa 
Bryopsis africana Mngazana, Ngqusi, Nxaxo Marine South Africa Africa (South Africa) 
Bachelotia antillarum Ngqusi, Nxaxo, Bushmans Marine West Indies 
Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, South America, Africa, South-
west Asia, Asia, Australia and New 
Zealand, Pacific Islands, Antarctic and 
subantarctic Islands 
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Ectocarpus fasciculatis Bushmans Marine Ireland 
Artic, Ireland, Europe, Atlantic Islands, 
North America, Africa, South-west 
Asia, Asia, Australia and New Zealand, 
Antarctic and subantarctic Islands 
Ectocarpus siliculosus Ngqusi, Nxaxo, East Klenemonde, West Kleinemonde, Sundays Marine England 
Arctic, Ireland, Europe, Atlantic 
Islands, North America, Central 
America, Caribbean Islands, South 
America, Africa, Indian Ocean Islands, 
South America, Africa, Indian Ocean 
Islands, South-west Asia, Asia, 
Australia and New Zealand, Antarctic 
and subantarctic Islands 
Sphacelaria brachygonia Mpekweni,  East Kleinemonde Marine Brazil 
Europe, Atlantic Islands, South 
America, Africa, South-west Asia, 
Australia and New Zealand 
Dictyota dichotoma Nxaxo, East Kleinemonde, Kariega, Bushmans Marine England 
Europe, Ireland, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, South America, Africa, Indian 
Ocean Islands, South-west Asia, Asia, 
South-east Asia, Australia and New 
Zealand, Pacific Islands, Antarctic and 
subantarctic Islands 
Iyengaria stellata Bushmans Marine India Africa, South-west Asia, Australia and New Zealand 
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Colpomenia sinuosa Mpekweni, Kariega, Bushmans Marine Spain 
Ireland, Europe, Atlantic Islands, North 
America, Central America, Caribbean 
Islands, South America, Africa, Indian 
ocean Islands, South-west Asia, Asia, 
South-east Asia, Australia and New 
Zealand, Pacific Islands, Antarctic and 
subantarctic Islands 
Endarachne binghamiae Ngqusi, Nxaxo, Sundays Marine USA 
Atlantic Islands, North America, South 
America, Africa, Asia, Australia and 
New Zealand, Pacific Islands 
Stilophora falnaganii Mpekweni Marine South Africa Africa (South Africa) 
Porphyra capensis East Kleinemonde, Bushmans Marine South Africa 
South America, Africa, Indian Ocean 
Islands, Antarctic and subantarctic 
Islands 
Gelidium pristoides Ngqusi, Nxaxo, East Kleinemonde, Bushmans Marine South Africa Africa 
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Gelidium reptans Mngazana, Nxaxo, Bushmans, Kowie Marine South Africa Africa, Indian Ocean Islands, Pacific Islands 
Caulacanthus ustulatus Mpekweni, East Kleinemonde Marine Spain 
Europe, Atlantic Islands,  North 
America, South America, Africa, Indian 
Ocean Islands, South-west Asia, Asia, 
South-east Asia, Australia and New 
Zealand 
Hypnea rosea Bushmans Marine South Africa Africa 
Centroceras clavulatum Mngazana, Kowie Marine Peru Atlantic Islands, Africa 
Caloglossa leprieurii Mngazana, Ngqusi, Nxaxo, Bushmans, Kowie Marine French Guiana 
Atlantic Islands, North America, 
Central America, Caribbean Islands, 
South America, Africa, Indian Ocean 
Islands, South-west Asia, South-east 
Asia, Australia and New Zealand, 
Pacific Islands 
Bostrychia intricata Bushmans Marine Falkland Islands South America, Africa, South-east Asia, Australia and New Zealand 
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Bostrychia moritziana Mngazana, East Kleinemonde, Bushmans, Kowie Marine 
West Indies and French 
Guiana 
North America, Central America, 
Caribbena Islands, South America, 
Africa, Indian Ocean Islands, South-
west Asia, Asia, South-east Asia, 
Australia and New Zealand, Pacific 
Islands 
Bostrychia scorpioides Mngazana, Kariega, Kowie Marine South Africa 
Ireland, Europe, Atlantic islands, North 
Amrica, Central America, Caribbena 
Islands, South America, Africa, 
Australia and New Zealand, Antarctic 
and subantarctic Islands 
Polysiphonia incompta 
Mngazana, Ngqusi, Nxaxo, East 
Kleinemonde, West Kleinemonde, 
Bushmans, Sundays 
Marine South Africa Africa 
Polysiphonia kowiensis Mngazana, Ngqusi, Nxaxo, Mtati, Mpekweni, Kariega, Bushmans, Kowie Marine South Africa Africa (South Africa) 
137 
 
Polysiphonia tepida West Kleinemonde, Bushmans, Sundays Marine USA 
Atlantic Islands, North America, South 
America, Indian Ocean Islands, South-
east Asia, Pacific Islands 
 
